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SURVIVAL EQUINE ENCEPHALOMYELITIS 
VIRUS (EASTERN TYPE) FOR ELEVEN YEARS 4°C. THE 
PRESENCE CYSTEINE 


Abstract 


Eastern equine encephalomyelitis virus was maintained for years 
(1) periodic repassage guinea pig and developing chick embryo between the 
presence cysteine hydrochloride without repassage. change patho- 
genicity antigenicity either clone was noted. 


Some years ago had been reported that equine encephalomyelitis virus 
would survive the presence cysteine hydrochloride hr. 37° 
without diminution the titer, and two weeks with only gradual 
decrease the titer. When stored the virus the above preparation 
survived for three months without demonstrable reduction the titer, 
whereas the end this period live virus was detectable 
serum control. Even after four and one-half years’ storage the 
preparation remained infective, although the guinea pig titer dropped from 

the time when these experiments were conducted number ampoules 
containing preparation were left over and were stored 
with idea mind have the preparation periodically tested determine 
the maximum survival time the virus under these conditions. However, 
these intentions were not materialized and after years storage, before 
the ampoules were discarded, few them were pooled and inoculated into 
eight-day-old chick embryos. The following day the inoculated embryos 
were found dead and virus equine encephalomyelitis was recovered from 
them and identified neutralization test. 

During these years the parent strain the virus has been maintained 
alternate storage the dry-ice cabinet and passages eggs and guinea pigs. 

With these materials hand thought would interest compare 
the two clones see there were any demonstrable differences between them. 


Manuscript received August 19, 1955. 
from the Virus Section, Central Laboratory, Ontario Department Health, 
360 Christie Street, Toronto, Ontario. 
Medical Statistics, Ontario Department Health. 


[The October number this Journal (Can. Microbiol. 597-713. 1955) was issued 
October 14, 1955.] 
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Material and Methods 


Virus 

EEE Virus 

Equine encephalomyelitic virus, Eastern type, employed this work has 
been described previously (1) and parent virus 4EEE described below. 
Since the above report, the parent virus has undergone egg and guinea 
pig alternate passages. The seventh egg passage after transfer from guinea 
pig was used the source virus which referred this report EEE virus. 


4EEE Virus 

Virus designated 4EEE was the same virus preserved sealed ampoules 
for years. preserving fluid consisted physiological solution 
sodium chloride containing normal guinea pig serum and 1000 
cysteine hydrochloride and buffered (1). After years storage, 
the virus was passaged seven times the developing chick embryo, and 
infected embryos from the seventh passage served the source virus. 

both cases, macerated infected chick embryos were centrifuged for 
min. 4200 r.p.m. and the supernatants were stored sealed ampoules 
the materials was ascertained inoculation blood agar plates and 
thioglycollate medium. 


Immune Sera 
Rabbit immune sera were prepared using the same procedure reported 
earlier (1). 


Preparation Vaccine 

Infected chick embryos from the seventh passage were macerated, 
centrifuged for min. 3500 r.p.m., and the supernatant was diluted 
with physiological solution sodium chloride containing 0.001 phosphate 
buffer (pH 7.2) and 0.4% formalin. The material was stored for 
days and was shaken daily. Next was diluted buffered 
physiological saline, tested for non-viability mice and developing chick 
embryos, and used vaccine without further treatment. 


Diluent 
Unbuffered 0.85% sodium chloride solution containing inactivated 
normal guinea pig serum was used diluent for virus. 


White Swiss mice, from our own colony, days old, were employed 
test animals. 


Cross Protection Test 

Cross protection tests were performed according the procedure recom- 
mended Hammon (2) with some modification the immunization schedule. 
White mice were immunized with single intraperitoneal dose 0.5 cc. 
either EEE 4EEE vaccine. days later the vaccinated mice were 
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challenged with live virus. Preliminary experiments indicated that, this 
case, single dose vaccine gave more clear-cut results than multiple doses. 
Also with the single dose method the age the mice was kept down resulting 
more uniform susceptibility the mice judged the normal controls 
the same age. 


Neutralization Test 

Technique the tests employed was essentially that described Hammon 
(3) and, briefly, consisted testing serial 10-fold dilutions virus against 
constant concentration serum. Prior animal inoculation the 
serum mixtures were left contact room temperature for one hour. 
ten mice were used per dilution. All inoculations were made intracerebrally 
under light ether anesthesia. Bacterial sterility each inoculum was verified 
the end inoculation culturing the inoculum blood agar plates. 

All concentrations serum and virus are expressed the text final 
dilutions. 


Calculation 

provide basis for tests significance, the least squares probit method 
described Fisher and Yates (4) was used estimate the logarithmic 
dilution inoculum lethal 50% the animals. 


Results 


Comparison between the EEE and 4EEE clones were made with respect 
their comparative pathogenicity for mice, guinea pigs, and developing chick 
embryos and their antigenicity, cross protection and cross neutralization 
tests. 


TABLE 


CROSS PROTECTION TEST. MICE IMMUNIZED WITH EEE VACCINE AND 
CHALLENGED WITH EEE 4EEE virus 


EEE. virus 4EEE virus 

Virus Normal Normal 
dilution Vaccinated controls Vaccinated controls 

2/7 7/7 2/7 7/7 
0/7 6/7 0/7 6/7 


Note: this and the other tables, the numerator represents the number mice that 
succumbed the infection, the denominator the number mice inoculated. 
Indicates dilution not tested. 


‘ 
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Pathogenicity 

Both EEE and 4EEE clones were found equally pathogenic for mice, 
guinea pigs, and developing chick embryos. significant difference was 
observed the titers the two these hosts. 


Cross Protection Tests 

Several experiments were conducted compare the antigenicity 4EEE 
virus with that EEE employing cross protection tests. Two these 
experiments are recorded below. 

the first experiment half mice immunized with EEE vaccine were 
challenged with EEE virus and the second half with 4EEE virus (Table I). 
the second experiment mice were immunized with 4EEE vaccine. 
these were challenged with EEE virus and remainder with 4EEE virus 
(Table 


TABLE 


CROSS PROTECTION TEST. MICE IMMUNIZED WITH 4EEE VACCINE AND 
CHALLENGED WITH EEE 4EEE virus 


EEE virus 4EEE virus 

Virus Normal Normal 
dilution Vaccinated controls Vaccinated controls 

2/8 8/8 2/8 8/8 
0/8 7/8 0/8 7/8 


The results these tests indicate that EEE vaccine and 4EEE vaccine 
conferred significant and equal protection animals challenged with each 
the two viruses. 


Neutralization Tests 

These experiments were conducted compare the neutralizing capacity 
EEE and 4EEE antisera where each serum was tested against EEE and 
4EEE virus. The dilutions the sera used were based 
experiments which indicated that EEE antiserum diluted and 4EEE 
antiserum gave complete almost complete neutralization the virus 
high dilutions and showed slight neutralization the lower dilutions. 

The results these tests are recorded Tables III and IV, and show that 
either EEE 4EEE antiserum neutralized either EEE 4EEE virus 
mixtures. 
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TABLE 


NEUTRALIZATION EEE 4EEE viruses EEE ANTISERUM 


EEE virus and 4EEE virus and 

Dilutions EEE EEE 

virus antiserum Normal antiserum Normal 

tested 1:50 serum 1:40 serum 
0/10 10/10 0/10 10/10 

TABLE 


NEUTRALIZATION EEE 4EEE viruses 4EEE ANTISERUM 


EEE virus and 4EEE virus and 

Dilutions 4EEE 4EEE 

virus antiserum Normal antiserum Normal 
tested 1:50 serum 1:40 serum 

1/8 8/8 1/8 

107 0/8 8/8 0/8 8/8 
108 0/8 7/8 8/8 
LDw —4.58 0.34 0.18 —4.52 0.21 —8.88 0.17 

Discussion 


The present problem offered rare opportunity compare the characteristics 
equine encephalomyelitis virus which has been maintained the laboratory 
the customary manner for years with the daughter strain which has been 
stored during this time the presence cysteine hydrochloride, presumably 
dormant state. 

The results obtained failed reveal any difference either pathogenicity 
antigenicity. 

There are two possible explanations which could offered. First, that the 
same changes have taken place both cases or, second, that changes have 
occurred either case. rather remote possibility that the two viruses 
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maintained under such different conditions should undergo the same changes. 
Therefore would seem the more likely that change pathogenicity 
antigenicity had taken place under either condition maintenance. this 
assumption correct then two points practical importance are revealed 
this work. The first that the virus equine encephalomyelitis (Eastern 
type) can stored the presence cysteine hydrochloride for number 
years stock virus without the necessity periodic repassage. The second 
point that demonstrable alteration antigenic behavior the virus 
has taken place during the years routine maintenance the laboratory. 
The last point undoubtedly practical significance connection with the 
preparation vaccine. 
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SYNTHESIS NUCLEIC ACIDS ESCHERICHIA 


Abstract 


The utilization some purines, pyrimidines, nucleosides, and nucleotides for 
biosynthesis RNA and DNA bases colt was investigated the isotopic 
competition technique. Adenine, adenosine, and desoxyadenosine were found 
precursors RNA and DNA adenine and guanine. guanosine, 
and desoxyguanosine were precursors RNA and DNA guanine but contributed 
only limited extent the synthesis adenine. Cytgsine, cytidine, 
desoxycytidine, cytidylic acid, uracil, uridine, and uridylic acid were effective 
precursors RNA and DNA cytosine well uracil and thymine. 
incorporation thymine thymidine was detectable the method. 


Introduction 


The biosynthesis purines and pyrimidines ribo- and desoxyribonucleic 
acids (RNA and DNA) has been extensively studied variety animal 
tissues and microorganisms (5, 16). Nevertheless, there has, yet, been 
systematic study the precursors both nucleic acids single cellular 
species. this work have investigated the ability utilize 
adenine, guanine, and their nucleosides well cytosine, uracil, thymine, 
and their respective nucleosides and nucleotides, precursors for the synthesis 
both RNA and DNA. relatively rapid method for screening the 
various compounds the competition was used (1, 
which uniformly labelled glucose was the carbon substrate for growth 
cultures. 


Materials and Methods 


Growth Cultures 


Escherichia coli, strain was the test organism used throughout. The 
medium contained, grams per liter distilled water: MgSO, 0.12; 
0.14; 0.01; 0.44; NaCl, 0.59; 0.15; 
buffer was kept stock solution, 7.7, and added the salt solution 
before autoclaving. The final was about 7.4. Glucose, uniformly labelled 
with was obtained from Dr. Krotkov, Queen’s University. This was 
sterilized separately solution and added the salt solution the 
required amount just prior each experiment. 

Stock cultures cells were maintained daily transfer the above 
medium containing unlabelled glucose. These cultures were shaken con- 
tinuously 37°C. For experimental use 300 ml. prewarmed medium, 

received July 13, 1955. 
Contribution from the Connaught Medical Research Laboratories, University Toronto, 
Toronto, Ontario. Supported grants from the National Cancer Institute Canada, The 
National Institutes Health the United States, Public Health Service, and the Boyd 


Memorial Fund. 
Sigma Chemical Company. 
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containing labelled glucose, was inoculated from stock culture the 
exponential phase growth give final concentration about 
bacteria per ml. Suspected precursors were added the amount 
per ml. cultyre for the bases, and equimolecular amount nucleosides 
and nucleotides. aliquot sample was withdrawn for determination 
specific activity the medium. 

The culture was made flat-bottomed flask which gave surface area 
about 450 cm*. This was shaken vigorously 37°C. Under these 
conditions the bacteria grew exponential rate from time zero with 
generation time about min. The cultures were grown density 
cells per ml. and then analyzed for nucleic acids described below. 
intervals during the experiment optical densities were determined with 
Fisher Electrophotometer 425 culture deviated from 
exponential growth rate the generation time was significantly longer than 
normal was discarded. Optical densities the spectrophotometer were 
translated into cell concentrations with curve standardized plate counts. 
For reasons discussed later, was desired find the effect several 
precursors during the growth only one generation cells. The method 
employed illustrated the following example. 

300 ml. tris medium were added 180 mgm. unlabelled glucose, 
solution, and the usual inoculum cells. The culture was shaken 
37° and grew exponentially for 155 min. shown Fig. this point 
the medium was depleted glucose and cellular multiplication ceased, 
shown the flat portion the curve. After min. the depleted medium, 
the cell concentration was 5.8 per ml. direct plate count. Two 
hundred milligrams radioactive glucose, and mgm. base, equivalent 
amount nucleoside, were then added. Cell growth recommenced immedi- 
ately exponential rate shown the second linear portion the curve 


a 


OPTICAL DENSITY 


Nn 


120 180 240 
MINUTES 


Fic. coli. The medium was depleted glucose after 155 min. 
180 min., when the cell concentration was 5.8 per ml., radioactive glucose and 
competitor were added. Bacterial cell concentration was 1.3 per ml. when the 
experiment was terminated. 
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the cells had multiplied through one division, determined 
optical density and plate count, about 90% the glucose had 
been utilized. The experiment was then terminated and the cellular nucleic 
acids analyzed described below. 


Analysis the Cellular Nucleic Acids (Method 

RNA and DNA were first separated the Schmidt and Thannhauser 
technique (19), hydrolyzed the constituent bases and these were separated 
paper chromatography. attempt was made isolate the bases 
quantitatively since their specific radioactivities were the main interest. 

Bacterial cultures, usually about 300 ml. volume, were made 
trichloroacetic acid (TCA) and centrifuged; the sediment was washed once 
with ml. TCA, once with ml. cold absolute ethanol, and twice 
with ml. boiling absolute ethanol for periods min. Six milliliters 
0.3 potassium hydroxide was added the residue and this was allowed 
stand for hr. The suspension was made slightly acid with 
hydrochloric acid and then with respect TCA. After centrifuging, 
the supernatant containing the RNA nucleotides was removed. The residue, 
containing polymerized DNA, was suspended ml. 0.1 hydro- 
chloric acid, precipitated with TCA, extracted once with ml. 
TCA 90°C. for min., and centrifuged. supernatant solution 
contained the DNA (20). 

The solution RNA nucleotides was adjusted with potassium 
hydroxide and passed through column Merck activated charcoal 0.5 
cm. supported coarse sintered glass disk. The charcoal onto 
which the nucleotides were adsorbed was washed with ml. water 
remove salts and unadsorbed radioactivity. Seven milliliters solution 
containing 48% water, 50% absolute ethanol, concentrated ammonium 
hydroxide (sp. gr. 0.880), volume, was passed through the column. This 
eluted the RNA nucleotides which were concentrated the first ml. 
effluent.* The solution was then evaporated dryness water bath 

This step eliminated the salt which would interfere badly subsequent 
paper chromatography. also removed good deal nonnucleotide 
radioactivity since some material did not adsorb while other constituents such 
proteins were not eluted under the conditions used. tests 
with pure nucleotides showed that the loss this step was probably not 
greater than 10%. should noted here that the activated charcoal may 
contain considerable amount material which absorbs light the 
region. This can removed refluxing the charcoal for min. 
the above mentioned ammoniacal-ethanol solution. 

The RNA nucleotides were hydrolyzed adding 0.2 ml. 72% perchloric 
acid (13) and heating for two hours stoppered tube 100°C. One 


are indebted Dr. Helleiner, Biochemistry Department, Universsty Toronto, 
for describing the details this technique before publication. 
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milliliter water was then added and the hydrolyzate passed through 
cm. 0.6 column Dowex-1 (250-500 mesh) resin followed 
ml. hydrochloric acid. The effluent solution containing the 
liberated purine and pyrimidine bases was evaporated small volume 
100° stream nitrogen. Preliminary tests showed that there was 
measurable loss interconversion bases this method hydrolysis. 
The ion exchange resin, addition removing good deal charred material 
from the hydrolyzate, substituted chloride ion for the perchlorate which would 
interfere later chromatography. There was loss bases the resin. 

The entire solution bases was placed small area one corner 
sheet Whatman No. filter paper and subjected chromato- 
graphy two dimensions. After initial ascending run isopropanol 
(210 ml.), hydrochloric acid (130 ml.) for hr. (21), the paper was 
thoroughly dried stream warm air. This was followed descending 
run the second dimension with isopropanol (85 ml.), water (15 ml.), 
concentrated ammonia (1.3 ml.) for hr. The positions the bases 
were marked with the aid Mineralight lamp and the areas cut out. 
Separation the four bases was complete but guanine streaked badly and ran 
slowly both solvents. Only the center the guanine area was utilized. 
The bases were extracted from the paper shaking 37° for three hours 
with ml. 0.1 hydrochloric acid and the solutions were evaporated 
dryness under nitrogen. Each residue was taken drop concentrated 
ammonium hydroxide, applied strip Schleicher and Schull No. 597 
paper, and subjected descending chromatography butanol (86 ml.), 
water (14 ml.) The solvent was allowed run least cm. This 
third chromatographic separation was essential since removed radioactive 
contaminants from the bases, particularly guanine; also reduced the 
ultraviolet light absorption filter paper blanks negligible proportions. 

The areas the paper containing the bases were cut out and equivalent 
area alongside each base was removed blank. Each paper was extracted 
with ml. 0.01 hydrochloric acid for two three hours Optical 
densities were determined Beckman Spectrophotometer, the wave 
length maximum absorption, for each base and its respective blank, and 
concentration base was calculated from the extinction coefficients (21). 

For assays ml. solution was pipetted into stainless planchet, 
one drop dilute Aquadag (16.5 mgm./ml.) was added (17) with drop 
concentrated ammonium hydroxide and the whole was evaporated dryness 
stream warm air. Radioactivity measurements were done with 
methane flow counter (Nucleometer, Radiation Counter Laboratories). 
specific activities bases and the glucose were calculated terms counts 
per minute per 

The TCA solution DNA was evaporated dryness nitrogen, 0.1 ml. 
72% perchloric acid was added, the tube stoppered and heated one hour 
100°C. Separation the DNA bases followed the procedure outlined 
above for RNA. 
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Analysis Cellular Nucleic Acids (Method 

For few experiments the following modifications were introduced 
Method After perchloric acid hydrolysis the separated nucleic acids, 
the individual bases were obtained ion exchange procedure. Most 
the perchlorate ion was removed from hydrolyzate adding large excess 
potassium hydroxide, chilling, and centrifuging. The resulting alkaline 
supernatant was placed column resin the chloride form. 
Pyrimidines were eluted the order, cytosine, uracil, thymine with 0.09 
diethylamine 0.025 hydrochloric acid, the purines being separated with 
1.25 ammonium hydroxide 0.08 hydrochloric acid the order guanine 
and adenine.* 

After ion exchange chromatography the bases were contained relatively 
large volumes buffer. Each base was concentrated making its solution 
about 0.1 potassium hydroxide and passing through short column 
Dowex-1 where was retained quantitatively. After the column was 
washed with distilled water, the base was eluted with about ml. 0.1 
hydrochloric acid. The solution was evaporated almost dryness stream 
nitrogen 100° C., made slightly alkaline with ammonia, applied one 
corner piece filter paper (42 cm. cm.), and this was subjected 
solvent chromatography. hydrochloric acid was used, 
Method the first dimension, and 95% ethanol (75 ml.), ammonium 
acetate 7.5, ml.) (15) the second. The bases were eluted and their 
specific radioactivities estimated Method 


Purity Materials Used Precursors 

are indebted Dr. Ian Walker, Biochemistry Department, University 
Toronto, for specimens highly purified desoxyribonucleosides. The 
remaining materials used competitors were obtained commercially and 
tested for purity electrophoresis paper 3.5 and paper 
chromatography one more solvent mixtures. Cytosine, which contained 
uracil, was the only compound requiring purification. This was effected 
column Dowex-1 using the method described the preceding section. 
The purified cytosine was finally crystallized from hot water. 


Isotopic Competition Technique 

The principle the method follows. Bacteria are grown chemically 
defined medium containing uniformly labelled glucose the sole carbon 
source. After five generations multiplication the cellular constituents 
should approach uniform labelling with RNA and DNA are separated 
from these cells and hydrolyzed. The constituent purine and pyrimidine 
bases are separated, purified, and their specific radioactivities determined. 
parallel experiment, unlabelled compound suspected being nucleic 
acid precursor added the medium addition labelled glucose. 


wish acknowledge our thanks Dr. Smith, Department Biochemistry, 


Columbia University, for describing the details this procedure prior publication. 
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shall term this compound competitor. If, isolation the bases cellular 
RNA and DNA, one more these has specific activity less than the 
control experiment, the cell has utilized the unlabelled compound for nucleic 
acid synthesis, rather than make from extracellular glucose. The compound 
has thereby competed successfully with glucose and precursor for nucleic 
acid synthesis. 
Results 

Control Experiments 

Table shows the specific activities the nitrogenous bases RNA and 
DNA when the bacteria were grown through four five generations with 
uniformly labelled glucose the sole carbon source. For each experiment 
the specific activities the bases were calculated percentages the glucose 
specific activity. The resulting figures for each base were then averaged for 
the three experiments and entered the last row Table seen that, 
while there may variation results from one experiment another, 
within experiment, the average the specific activities the bases 
approach the glucose specific activity. 


Experiments with Competitors 

The experiments were carried out exactly the controls but the suspected 
precursor was added, addition the glucose substrate, the growth 
medium. preliminary experiments competitor was added concentra- 
tion base per ml. medium, but all later experiments 
base per ml., its equivalent nucleoside nucleotide, was used. There 
was significant difference the results obtained the two levels 
competitor concentration. 

For each experiment the specific activities the isolated bases were 
calculated percentages the specific activity the medium. The figures 
thus obtained were converted percentages the specific activities the 
respective bases the control experiments, using the results shown the 
last row Table and entered Table II. The entries Table represent 
average results for least two experiments with each competitor. All the 
competitors were tested using Method described preceding section, 
the analytical technique. number experiments were later repeated 
several times using Method particular those with cytidine, thymidine, 
uridylic, and thymidylic acids competitors. Both methods gave essentially 
the same results. For reasons discussed later compound has not been 
considered precursor unless reduced the specific activity nucleic 
acid base less than 60% the control. 

The following conclusions may then drawn from the results Table II. 

Adenine, adenosine, and desoxyadenosine are precursors adenine and 

guanine both RNA and DNA. 

Guanine, guanosine, and desoxyguanosine are precursors guanine 

RNA and DNA and perhaps limited extent adenine both 
nucleic acids. 
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Cytosine, cytidine, desoxycytidine, and cytidylic acids are effective 
precursors cytosine RNA and DNA and uracil and thymine. 

Uracil, uridine, and uridylic acid are precursors cytosine RNA and 
DNA and uracil and thymine. 

Thymine and thymidine are ineffective precursors any the bases 
RNA and DNA. Thymidylic acid may slightly effective 
precursor thymine. 

There interconversion between the purine and pyrimidine precursors. 

the above experiments seemed possible that the mechanism 

utilization, especially for nucleosides and nucleotides, might change during 
the growth the bacteria. result from, for example, the formation 
adaptive enzymes. Several experiments were carried out, therefore, 
which the cells were propagated through only one generation the presence 
competitor before the nucleic acids were examined. Control experiments 
were carried out the same way but without added competitor. The specific 
activities the bases isolated the competition experiments were determined 
and then calculated percentages the specific activities for corresponding 
bases the controls. These results are shown Table III. They are 
agreement with those Table demonstrating that competition just 
extensive, and probably occurs with the same mechanism, during the first 
generation cell multiplication later generations, least for the four 
competitors tested. 


Discussion 


While the isotopic competition technique applied here relatively 
insensitive method nevertheless useful for screening large number 
compounds possible precursors for nucleic acid biosynthesis 
assessing the significance the results Table compound has not been 
considered precursor unless reduced the specific activities one more 
nucleic acid bases less than 60% the control. This arbitrary figure 
selected after the variability large number experiments this type 
was considered. 

The conclusions, stated previous section, are accord with earlier 
work coli. Thus was already known that preformed adenine and 
guanine may act precursors nucleic acid purines (2, 10), that some 
interconversion may occur before incorporation (10), and that adenosine, 
guanosine, and guanylic acid are effective purine precursors the respective 
bases (4). Koch al. (10), observed also that adenine and guanine were 
good precursors RNA DNA purines. Our results show that this 
true for the purine ribosides and desoxyribosides well for the free bases. 

Exogenous cytosine (2, and uracil (2, 14), their nucleosides and 
nucleotides (2, 4), have been found sources RNA pyrimidines. Uracil 
was converted into nucleic acid thymine (14). have found, addition, 
that these compounds are all effective precursors the DNA pyrimidines. 
Also desoxycytidine precursor for RNA well for DNA pyrimidines. 
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similar observation has been made for Rose and Schweigert (18). 
Although small uptake thymine (8) thymidine (11) into nucleic acid 
thymine can demonstrated the labelled materials are supplied 
coli, the effect too small observed the competition technique, 
Bolton and Reynard (4) have Our results are clear-cut showing 
that thymidylic acid not utilized any significant extent precursor 
cytosine uracil but leave doubt its effectiveness precursor 
thymine. 

Since there interconversion purine and pyrimidine precursors two 
separate precursor pools may visualized. One, pool into which the 
purines their nucleosides and least guanylic (4), not adenylic acid, 
contribute; adenine and guanine are withdrawn for synthesis both nucleic 
acids. pool into which cytosine, uracil, their nucleosides and 
nucleotides contribute and from which thymine, thymidine, and thymidylic 
acid are largely excluded. Uracil and cytosine are interconvertible, are 
utilized for RNA and DNA synthesis, and participate the formation 
DNA thymine. 

doubtful purine nucleosides pass through their pool into nucleic 
acids without being split into base and sugar since (1) purine desoxyribosides 
and ribosides are utilized effectively the free bases for synthesis RNA 
and DNA purines, (2) Bolton al. (2) have observed that purine nucleosides 
not contribute the ribose moiety RNA purine nucleotides. The 
interconversion adenine and guanine precursors therefore probably occurs 
the base rather than nucleoside level. Two lines evidence suggest that 
the pyrimidine nucleosides also are split and that some pyrimidine precursor 
interconversions occur the base level. (1) Pyrimidine nucleosides are 
efficient precursors nucleic acid pyrimidines the free bases. (2) Rose 
and Schweigert (18) have found that randomly labelled cytidine contributes 
negligible amount isotope nucleic acid ribose desoxyribose, and our 
results (8) are accord with this conclusion. 

Exogenous nucleotides not enter either pool unchanged since our results 
(manuscript preparation), and those Bolton al. (2), show that their 
phosphorus split off before they are assimilated. competition experi- 
ments have been carried out with purine nucleotides the present work since 
was difficult obtain these compounds free from impurities. But uridylic 
and cytidylic acids are well utilized the respective bases and nucleosides 
for sources nucleic acid pyrimidines. While might inferred from this 
that the nucleotides share similar fates, Bolton al. (2) have observed that 
the carbon skeletons uniformly labelled cytidylic and uridylic acids are 
preserved the synthesis RNA. Further, unlabelled cytosine added 
the medium did not suppress the incorporation labelled cytidylic acid into 
facts show that the nucleotides uracil and cytosine are not 
utilized the same manner nucleosides. They demonstrate, addition, 
that exogenous cytidylic and uridylic acids are interconvertible sources 
RNA nucleotides while their carbon chains remain intact. view the 
results this paper might also supposed that the carbon units these 
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nucleotides are preserved their pathways DNA pyrimidine nucleotides. 
this means, for example, that the cell can convert extracellular 
cytosine ribonucleotide DNA thymine desoxyribonucleotide without the 
linkage being broken. 
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OXIDATION SUGARS ENZYME PREPARATION 
FROM AEROBACTER AEROGENES' 


Abstract 


Cell-free extracts Aerobacter aerogenes grown a-medium containing yeast 
extract, glucose, and salts, oxidized D-a-fructoheptose 
glucose), glucose, gluconate, and other hexoses and pentoses. The enzymes 
were particulate fraction and were difficult purify. This cell-free enzyme 
system required magnesium certain other divalent metal ions activators 
and was not stimulated any coenzyme tested. Phosphorylation did not 
appear involved. The pH-stability and pH-activity curves for the crude 
enzyme preparation were plotted and the value for D-a-fructoheptose 
determined. The same enzyme system apparently involved for all substrates 
and appears specific for sugars having the same configuration glucose 
the second and fourth carbon atoms. 


Introduction 


The ability variety microorganisms oxidize heptoses the 
corresponding heptonic acids has been shown Moore, Blackwood, and 
Neish (11). This investigation was started attempt isolate from 
one such organism, Aerobacter aerogenes, the enzyme system responsible for 
this oxidation and study its properties. the heptoses tested, the enzyme 
preparation had the highest activity D-a-fructoheptose (2-C-hydroxy- 
and this sugar was used the test substrate. The enzyme 
system was found present particulate form which resisted all attempts 
solubilization. This particulate fraction was found oxidize certain other 
substrates including glucose and the present communication reports the 
results obtained with these substrates, together with the properties the 
crude enzyme preparation with respect D-a-fructoheptose. 


Materials and Methods 
Enzyme Production 

The organism used throughout the investigation was strain Aerobacter 
aerogenes PRL and was maintained regular transfers nutrient agar 
plus glucose stored lyophilized preparation. 

Preliminary studies showed that the organism retained its activity 
D-a-fructoheptose when stored washed cell cream Therefore, 
prior attempting any fractionation studies batch cells was grown 
100 gal. medium containing 0.5% yeast extract, 1.0% glucose, 1.3% 
0.9% 1.0% 1.0% with tap water 
100 gal. The yeast extract and glucose were sterilized the fermentor 
while the salts were autoclaved separately and added aseptically. The 
inoculum was transferred through four steps 30° the same medium. 

Manuscript received July 18, 1955. 
from the Research Council Canada, Pratrie Regional Laboratory, 
Saskatoon, Saskatchewan. Issued Paper No. 206 the Uses Plant Products and 


N.R.C. No. 3762. 
National Research Canada Postdoctorate Fellow, 1954-55. 
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The fermentation was carried out 30° for hr. and aerated the rate 
volume air per volume liquid per minute. The cells (approximately 
gm./liter wet weight) were harvested supercentrifuge, 
washed twice with distilled water, and stored 100-ml. volumes 
having dry weight mgm./ml. and nitrogen content 
5.1 mgm./ml. The enzymic activity these cells has remained nearly 
constant for eight months while the endogenous activity, though initially 
high, rapidly fell zero. 


Preparation Cell-free Extracts 

phosphate buffer 6.5 were treated kc. sonic 
oscillator for min. with the temperature held below 10° Longer periods 
sonication gave increase activity the final preparation. The 
the cell suspension was critical and all treatments 7.0 higher 
gave sonicates with activity; the optimum for sonication was between 
6.4 and 6.8. The concentration phosphate buffer during sonication 
was also critical and low phosphate concentrations resulted lower activity 
the final preparation. sonicate was centrifuged 4000 for min. 
remove cell debris and any remaining whole cells, and the opalescent 
supernatant was centrifuged 105,000 for The activity 
was then present the precipitate which was stored lyophilized 
powder 5°C. The total nitrogen, total activity, and activity per mgm. 
nitrozen the various stages the above procedure are shown the following 
flow sheet. One unit activity defined the amount enzyme necessary 
produce uptake 100 wl. oxygen per hour under the conditions 
described below. 


DILUTED WHOLE (50 ml.) 
Total activity (T.A.) 295 units 
min. Total nitrogen (T.N.) 127 mgm. 
sonication 2.32 units/mgm. nitrogen 


WHOLE SONICATE 


T.A. 140 units 


T.N. 118 mgm. 
centrifugation 1.19 units/mgm. nitrogen 
SUPERNATANT PRECIPITATE 
T.A. 125 units T.A. units 
centrifugation 1.42 units/mgm. nitrogen 2.5 units/mgm. nitrogen 
PRECIPITATE SUPERNATANT 
T.A. 110 units T.A. 
T.N. mgm. T.N. mgm. 


2.82 units/mgm. nitrogen 


. 
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All attempts obtain the enzyme(s) soluble form were unsuccessful. 
This was true whether the solubilization technique was applied during after 
the preparation the cell-free extract. The results given below were obtained 
with single batch cell-free enzyme preparation made from 720 ml. cell 
cream. The enzyme preparation was quite stable when stored lyophilized 
powder, but the activity aqueous suspensions stored slowly 
decreased. 


Analytical Methods 

Enzymatic activity was measured estimating oxygen uptake the 
conventional Warburg manometric techniques. Except when noted otherwise, 
each Warburg flask contained ml. cell-free enzyme suspension (this 
preparation had mgm. dry weight, and contained mgm. nitrogen); 
1.0 ml. 0.45 phosphate buffer, 6.0; 0.1 ml. 0.2 magnesium 
sulphate; 0.1 ml. 0.2 substrate; and other additions made small 
volumes plus water give final volume 3.0 ml. The center well contained 
0.2 ml. 10% potassium hydroxide. Controls with substrate added 
were included and these endogenous values were usually zero. 

Nitrogen was determined the method. 


Substrates and Coenzymes 

Most the sugars and sugar phosphates were obtained from commercial 
sources. However, the following were generously supplied Dr. Neish 
this laboratory, D-a-fructoheptose, 3-methyl-D-glucose, D-allose, D-lyxose, 
and calcium-L-gluconate. Dr. Blakley, also this laboratory, kindly 
provided sample 6-deoxy-6-fluoro-D-glucose. 

Diphosphopyridine nucleotide was obtained from Pabst Brewing Company. 
Triphosphopyridine nucleotide (96-99% pure) and flavin-adenine-dinucleotide 
(20% pure) were obtained from Sigma Chemical mono- 
nucleotide and adenosine triphosphate (95% pure) were obtained from the 
Nutritional Biochemicals Company. 


Results 


Enzymic Activity D-a-Fructoheptose 

With the cell-free enzyme preparation, the oxidation 
was accompanied uptake mole oxygen per mole substrate 
(Fig. corresponding the oxidation the heptose 
acid. Continued incubation the reaction mixture for periods hr. 
did not result any further oxygen utilization. Whole cells and sonicates 
(centrifuged 4000 for min.) gave identical results, although occasion- 
ally, with freshly grown whole cells, uptake mole oxygen per mole 
D-a-fructoheptose was observed, but never with cell-free preparations. This 
increased oxygen uptake with whole cells could not shown consistently. 
expected, carbon dioxide was not evolved during enzyme action the 
heptose (alkali was added the Warburg flasks, however, absorb carbon 
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dioxide sometimes evolved endogenous cell activity). aerogenes grown 
the synthetic medium Knight and Proom (8) with glucose sole 
carbon source did not oxidize D-a-fructoheptose, whereas similarly grown 
cultures Pseudomonas aeruginosa and Serratia marcescens oxidized the 
heptose. These bacteria had much, more, enzyme activity when grown 
glucose substrate when grown heptose and thus glucose was used 
the carbon source. 

Enzyme activity has linear relationship with amount enzyme added 
over wide range shown Fig. The K,, for D-a-fructoheptose was 
calculated the method Lineweaver and Burk (10) 3.8 


200 
1$0 


100 


/ ADDITIONAL 10 yM. SUBSTRATE 


OXYGEN UPTAKE, 


120 160 200 
TIME, min. 


Fic. The oxidation the cell-free enzyme preparation. 
Conditions described under and 


OXYGEN UPTAKE RATE, 


ENZYME CONCENTRATION, 


Fic. The relation between cell-free enzyme concentration and activity. 


e 
200 
150 
100 
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Substrate Specificity 
The cell-free enzyme preparation was tested variety substrates and 
found capable oxidizing the following the rates given, relative glucose. 


RELATIVE 

100 D-a-Fructoheptose 


enzyme activity was found with D-glucose-1-phosphate, 
D-glucose-6-phosphate, D-fructose-6-phosphate, 
D-ribose-5-phosphate, D-arabinose, D-lyxose, sedoheptulose, D-mannoheptulose, 
and L-glucoheptulose, and calcium-L-gluconate. 

The pattern oxygen uptake glucose, 6-fluoroglucose, and sodium 
gluconate shown Fig. rapid uptake mole oxygen was found 
with glucose and 6-fluoroglucose and this was followed slower rate 
oxygen uptake which with glucose comparable that gluconate. The 
addition second aliquot glucose showed the same metabolic pattern. 
Chromatographic evidence indicated that gluconate 
(probably the 2-keto compound) were the major products enzyme action 
glucose. 


GLUCOSE PLUS 


ADOITIONAL 
GLUCOSE 


OEOXY- 6-FLUORO GLUCOSE 


SOOIUM GLUCONATE 


OXYGEN UPTAKE, yl. 


OXYGEN UPTAKE, 


TIME, TIME, min. 

Fic. Oxidation glucose, Fic. rates oxida- 
gluconate, and 6-deoxy-6-fluoro- lucose, 
glucose the cell-free enzyme bination the two 


added each instance. each instance. 


300 
250 
200 200 
a 
100 100 
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All the substrates previously mentioned being oxidized the 
enzyme have been tested combination with glucose and fructoheptose and 
the rate oxidation the combinations did not equal the sum the rates 
oxidation the individual substrates. This illustrated with glucose and 
fructoheptose Fig. The rate oxidation the two substrates was 
similar that the most rapidly oxidized substrate, until the concentration 
that substrate fell such level that the rate was longer maximal. 
This fact indicates that all the substrates are oxidized the same enzyme 
system. 

the cell-free enzyme preparation had relatively low activity towards 
gluconate (Fig. 3), the cell cream (stored —30° for eight months) and 
fresh sonicate were tested. The sonicate was prepared the usual way, 
and the supernatant after centrifugation 4000 was used. The results, 
given Fig. show that gluconate oxidation was very rapid and was complete 
after the uptake mole oxygen per mole gluconate. Little loss 
enzyme activity towards gluconate occurred making this particular cell-free 
enzyme preparation. Further, observations showed that activity the 
cell-free enzyme preparation towards gluconate disappeared storage. 


A-activity OF WHOLE CELLS 
SONICATE 


n 


GLUCOSE 


No GLUCONATE 


GLUCOSE 


OXYGEN UPTAKE 


ji No GLUCONATE 


° 40 80 120 10 O 4 80 120 
min. TIME, min. 


Fic. Oxidation glucose and gluconate (A) whole cells, and (B) cell-free 
enzyme preparation. Details cell treatment are given the text. 


Effect 

The effect the stability the enzyme and enzyme activity 
given Fig. and 6B. Enzyme stability was tested adjusting the 
aqueous suspension cell-free enzyme with hydrochloric acid, acetic 
acid, sodium carbonate. The samples were incubated for two hours 30° 
and immediately adjusted and tested for activity. The enzyme 
rather sensitive changes and has sharp maximum 6.25. 
Optimal activity the enzyme extends from 5.5 6.5. 
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The stability the cell-free enzyme preparation various (A) and the 
enzymic activity (B). The techniques used are described the text. 


Effect Metal Ions, Coenzymes, and Inhibitors 

Dialysis suspensions the cell-free enzyme preparation against distilled 
water 0.225 phosphate buffer 6.5 reduced the enzymic activity 
low level. Treatment with ethylenediamine tetraacetic acid* adjusted 
6.5, followed dialysis, resulted complete loss activity. The 
activity was restored adding various metal ions (Fig. although the 
enzyme activity was never high before dialysis. Stimulation the 
activity the nondialyzed enzyme magnesium was also found (Fig. 8). 

Diphosphopyridine nucleotide, triphosphopyridine nucleotide, flavin mono- 
nucleotide, flavin-adenine-dinucleotide, and adenosine triphosphate (ATP) 
gave stimulation enzymic activity either singly combination 
concentration 0.67 ATP was also inactive the complete 
absence phosphate using 0.15 sodium cacodylate 6.0 buffer 
(cacodylate buffer this concentration had effect enzyme activity). 


75 


50 


UPTAKE, 


25 


TIME, min. 


The effect divalent metal ions the activity treated, 
dialyzed enzyme preparation; was added each flask. 


*Sequestrene obtained from the Alrose Chemical Company, Providence, Rhode Island. 
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~OIALYZED ENZYME 


e 
e 
DIALYZED ENZYME 


0.5 1.0 5 2.0 
Mg’ 
Fic. The effect the enzymic activity nondialyzed cell-free enzyme 
preparation and the same preparation after treatment with followed 


dialysis (note the latter experiment was run two different experiments shown the 
two types markings). 


Fluoride, cyanide, azide, and 2,4-dinitrophenol inhibited the enzyme the 
extent shown important note, however, that the inhibition 
shown fluoride may have been due part, not entirely, lowering 
the concentration magnesium ions through the formation insoluble 
magnesium fluoride. This important deciding whether fluoride inhibition 
result its possible effect phosphorylative mechanisms. 


TABLE 


EFFECT INHIBITORS THE CRUDE ENZYME 


Inhibition 


Concentration 
Inhibitor (molar) a-Fructoheptose Glucose 

2,4-Dinitrophenol 


00 / 
2 
N 
fo 
° 
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Discussion 


These results show that glucose can oxidized whole cells aerogenes 
via gluconate ketogluconate. Experiments with cell-free enzyme 
preparation provided further evidence that the oxidation proceeded via 
gluconate, since the oxidation glucose then had two definite steps, the 
second with oxidative rate paralleling that gluconate. Thus, 
addition the reports that Aerobacter sp. metabolizes glucose via the Embden- 
Meyerhof (1) and hexose monophosphate shunt mechanisms (3, 4), aerogenes 
also appears able oxidize glucose pathway similar those found 
Acetobacter sp. and Pseudomonas sp. The properties the enzyme preparation 
are similar the glucose and gluconate oxidizing systems reported for 
fluorescens Wood and Schwerdt (13) that their enzyme was found 
particulate fraction, was inhibited cyanide, was not diphospho- 
pyridine nucleotide triphosphopyridine nucleotide linked, nor was flavin 
carrier system involved. 

our enzyme preparation evidence cytochrome carriers was found, 
using Zeiss hand spectroscope, contrast the report Wood and 
Schwerdt (13) for the enzyme preparation from Pseudomonas fluorescens. 

The oxidative mechanism does not appear involve prior phosphorylation 
the substrate since lag phase evident either with whole cells cell-free 
preparation; nor does ATP stimulate enzymic activity. None the 
phosphorylated sugars normally associated with either the Embden—Meyerhof 
scheme the hexose monophosphate shunt were oxidized the cell-free 
enzyme preparation. The rapid oxidation 6-deoxy-6-fluoroglucose almost 
certainly precludes phosphorylation the C-6 position. However, the 
observed inhibition fluoride could interpreted indication 
phosphorylative mechanism, but previously pointed out could also due 
the removal magnesium ions. With similar enzyme preparations 
Stokes and Campbell (12) and Barron and Friedemann (2) found inhibition 
whole cell activity fluoride. The lack coenzyme requirements 
distinguish the enzyme system aerogenes from those found Penicillium 
notatum (6, and liver (5). The requirement for magnesium has been 
reported for similar enzyme preparation from Pseudomonas sp. 
quite readily apparent that the enzyme system studied Ley (4) from 
the closely related organism Aerobacter cloacae has quite different properties 
especially relation phosphorylation mechanisms but possible that 
both enzyme systems are present the whole cells. 

the other hexoses tested with the cell-free enzyme preparation, only 
allose was oxidized rate comparable glucose. The stereochemical 
configuration allose differs from that glucose only the C-3 position, 
but mannose and galactose, differing from glucose the C-2 and C-4 positions 
respectively, had much lower activity. If, this suggests, the configuration 
C-2 and C-4 critical, then might expected that the pentoses would 
follow similar pattern and this was found since only ribose and xylose were 
oxidized. was not available for testing the effect changing the 
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configuration the C-5 position. The low activity 
could the result steric effect. Thus, the data indicate that the enzyme 
system the glucose configuration carbon atoms two and four. 
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OBSERVATIONS THE ENZYMATIC DEGRADATION 
AND CONVERSION CERTAIN AND D-AMINO ACIDS 
EFFECTIVE STRAIN RHIZOBIUM 


Abstract 


Washed intact cells effective strain Rhizobium meliloti oxidatively 
deaminated glycine and the and D-isomers number amino acids. The 
interpretation the data concerning ammonia recovery was complicated, 
however, the probable occurrence transamination and assimilation. 
Glyoxylic acid, produced removal the glycine amino group, was isolated 
the corresponding dinitrophenylhydrazone. anaerobic decarboxylation 
glutamic acid histidine was observed. Cell-free extracts synthesized glutamic 
acid from a-ketoglutaric acid when glycine, L-histidine, D-aspartic acid, 
D-valine acted amino-group donors. addition, acetone-dried cells formed 
alanine from D-aspartic acid and pyruvate. Alanine racemase activity was 
detected cell-free extracts and acetone-dried cells, but racemization aspartic 
glutamic acids did not occur. L-glutamic acid, formed cell-free extracts 
mixtures containing D-aspartic and a-ketoglutaric acids, may have been 
produced series three coupled reactions involving racemization and 
and D-amino acid transamination. 


Introduction 


Washed cells Rhizobium meliloti are apparently dependent upon the 
presence preformed amino acids (or ammonia plus certain carboxylic acids) 
for growth initiation chemically-defined medium (7). Despite this 
probable essentiality amino acids there dearth available information 
the mechanisms employed the nodule organisms the metabolism 
these compounds. Several workers (2, 14) have studied the respiration 
rhizobia solutions containing both amino acids and glucose, but without 
any immediate concern the enzymatic processes that might involved 
with amino acids alone, other than the suggestion (2) that endogenous 
oxidative deamination may occur. There is, however, definite evidence that 
L-aspartic acid can decarboxylated (13) and that transamination reactions 
can take place between a-ketoglutaric acid and L-alanine, L-aspartic acid, 
L-leucine, L-valine (6). 

Although results obtained with intact cells and cell-free extracts are subject 
many uncertainties was believed that the use such preparations would 
lead better understanding the generalized routes amino 
acid metabolism inherent rhizobia. result, subsequent work 
metabolism, manifested ineffective and parasitic strains, 
might made with more assurance. 


Manuscript received August 18, 1955. 
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Ontario, and the Department Microbiology, Michigan State University, East Lansing, Michigan. 
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Methods 


Preparation Cell Suspensions and Cell-free Extracts 

strain Rhizobium meliloti was subjected single-cell isolation 
and the resulting clones tested Ontario Variegated alfalfa and found 
efficient nitrogen-fixing ability (6). Flasks containing liters yeast 
extract mineral salts medium (15)-were then inoculated with ml. amounts 
hr. (30° C.) culture this test organism and subsequently incubated 
27°C. under constant aeration for hr. After this period the cultures 
were centrifuged and the sedimented cells washed twice 0.85% sterile 
saline and brought desired volume with buffer appropriate pH. This 
constituted ‘‘washed-cell For the preparation cell-free 
extracts masses washed, sedimented cells were ground for min. with 
aluminum oxide Potter homogenizer, under refrigeration. The resulting 
mixtures were diluted with buffer, centrifuged for min. 18000 and 
the translucent supernatants collected. 

several cases acetone-dried cells were prepared adding volume 
washed cells volumes ice-cold acetone and rapidly evaporating off the 
solvent vacuum desiccator over and glycerol. 


Decarboxylation 

Conventional manometric techniques (12) were employed 
Warburg vessel contained 0.8 ml. 0.05 phosphate buffer (pH 6.0), 
0.5 ml. of.a neutralized 0.125 D-glutamic acid histidine solution 
and 0.5 ml. either cell-free extract (1.54 mgm. nitrogen per ml.) washed- 
cell suspension (2.74 mgm. nitrogen per ml.). The air the gas phase was 
replaced purified nitrogen (Matheson Co. 

The simultaneous determination oxygen uptake and carbon dioxide 
evolution was studied two-manometer method (12) 30°C. Each 
vessel contained 0.8 ml. 0.05 phosphate buffer (pH 7.0), 0.5 ml. 
neutralized 0.125 L-glutamic acid solution neutralized 0.5 
a-ketoglutaric acid solution, 0.5 ml. washed-celi suspension (4.61 mgm. 
nitogen per ml.), and, the center well, 0.2 ml. 10% KOH (or water). 
Air was used the gas phase and corrections were made for the retention 
carbon dioxide the buffer. 


Oxidation 

Manometric procedures were carried out 30°C. using washed cells 
which had been aerated for two hours with sterile air. The buffer was 8.0 
since preliminary experiments had indicated that optimum activity occurred 
this one slightly higher, would expected the process involved 
was one deamination. Each Warburg vessel contained 0.8 ml. 0.025 
phosphate buffer (pH 8.0), 0.5 ml. neutralized 0.125 D-amino 
acid solution, 0.5 ml. washed-cell suspension (1.74 mgm. nitrogen per ml.) 
and, the center well, 0.2 ml. 10% KOH (or water). After reaction 
time one hour the contents the flasks were centrifuged and the super- 
natants quantitatively analyzed for ammonia (9). 
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The dinitrophenylhydrazine method Janke and Tayenthal (5) was used 
order isolate the keto acid (glyoxylic) produced the deamination 
glycine. The procedures Cavallini and Frontali (3) were employed for the 
subsequent extraction and identification the dinitrophenylhydrazone. 
Controls included the use the dinitrophenylhydrazones known keto acids 
and reaction mixture which contained added glycine. 


Transamination 

Reaction mixtures were prepared containing 0.3 ml. 0.05 phosphate 
buffer (pH 8.0), 0.1 ml. a0.5 acid solution, 0.2 ml. a0.125 
amino acid solution, 0.1 ml. (1.0 mgm.) adenosine triphosphate, 0.1 ml. 
pyridoxal hydrochloride, and 0.8 ml. either cell-free extract 
(1.23 mgm. nitrogen per ml.) buffer suspension (pH 8.0) acetone-dried 
cells (5.27 mgm. nitrogen per ml.). The keto acids consisted pyruvic and 
a-ketoglutaric while the amino acids tested were glycine, L-histidine, 
D-aspartic acid, and D-valine. The various mixtures were incubated 
30° under anaerobic conditions and regular intervals samples fluid 
were removed, placed boiling water for five minutes stop the reaction, 
and subjected paper-partition chromatography water-saturated phenol 
Controls included known amino acids, reaction mixtures containing 
alanine glutamic acid, mixtures which originally contained heat-inactivated 
cellular preparations, and mixtures sampled zero time. additional 
control contained ammonium chloride place amino acid. After one 
hour’s incubation mixtures containing cell-free extract, a-ketoglutaric acid, 
and glycine, L-histidine, D-aspartic acid were analyzed manometrically 
for L-glutamic acid employing L-glutamic acid decarboxylase prepara- 
tion obtained from Clostridium perfringens for alanine the 
pyruvate mixtures were carried out quantitative paper chromatography, 
which involved eluting the ninhydrin-positive spots with 50% ethanol (v/v) 
and determining the optical density the eluate spectrophotometer 
570 (1). Known solutions alanine were analyzed the same time 
order establish standard curve. 


Racemization 

The reaction mixtures contained 2.0 ml. 0.05 phosphate buffer (pH 8.0), 
0.8 ml. 0.125 L-alanine L-aspartic acid solution, 0.4 ml. (12 
pyridexal hydrochloride, 0.4 ml. mgm.) adenosine triphosphate, and 1.5 
ml. cell-free extract (1.30 mgm. nitrogen per ml.) buffer suspension 
acetone-dried cells (1.57 mgm. nitrogen per ml.). These mixtures were 
incubated anaerobically, together with heat-inactivated control solutions, 
30° for one hour. After incubation the reaction was stopped immersion 
boiling water for five minutes and 0.05 ml. samples were analyzed paper 
chromatography water-saturated phenol (1). Tests for ammonia were 
negative. After centrifugation, ml. amounts the supernatants were 
examined manometrically for D-amino acids, using hog kidney D-amino 
acid oxidase preparation* (1500 units per Warburg flask) (8). 

Obtained from Nutritional Biochemicals Corp., Cleveland, Ohio. 
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Test mixtures were also which D-glutamic acid replaced the 
L-amino acid. Manometric analyses were made these fluids 
employing L-glutamic acid decarboxylase (4). 


Results 


detectable amounts carbon dioxide were produced anaerobically 
from glutamic acid histidine, that under the conditions employed 
decarboxylation these compounds did not occur. Under aerobic conditions 
the average respiratory quotient with L-glutamic acid was value 
somewhat similar that found with acid (R.Q. 1.13). The 
average endogenous quotient was 0.77 and was indicative ‘‘non- 
type metabolism. 

The oxygen uptake curves found with both the and D-amino acids 
revealed that gradual increase rate occurred about min. after the 
addition substrate. similar increase was also observed Burris and 
Wilson (2) and can attributed cellular growth the expense amino 
acid nitrogen and carbon. The observation such growth was not surprising 
since unpublished experiments have demonstrated that washed cells this 
organism can readily grow medium consisting mineral salts and any 
one number amino acids, notably histidine. Table indicates the 
(N) values calculated from the linear portions the uptake curves. 
Ammonia was found each case, but the recovery values were low and 
relative value only. The smallest amounts found were from and D-glutamic 
acid uM./flask/hr./mgm. cell nitrogen above the endogenous). The 
ammonia produced endogenously amounted average 1.5 
hr./mgm. cell nitrogen and may have resulted from deamination intracellular 
amino acids (2). 

Glyoxylic acid, resulting from glycine deamination, was identified the 
corresponding dinitrophenylhydrazone. 


TABLE 


(N)* VALUES CALCULATED FOR THE ACTIVITY Rhizobium meliloti 
AND D-AMINO ACIDS 


(N) (N) 
(above (above 
Amino acid Amino acid 
L-Glutamic acid 168.1 D-Leucine 8.2 
Glycine 128.1 D-Glutamic acid 
L-Valine 81.9 D-Histidine 70.8 
L-Methionine 68.3 D-Valine 68.8 
L-Leucine 33.6 


ul. oxygen taken per hour per mgm. cell nitrogen. 
The endogenous respiration was extremely high (N) 179.4) and was undoubtedly 
due the utilization intracellular reserves, which accumulated large quantities and which 
could observed microscopically. 
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Cell-free extracts synthesized glutamic acid from acid when 
glycine, L-histidine, D-aspartic acid, D-valine acted amino group 
donators. The total amounts L-glutamic acid formed the case the 
first three amino acids amounted 1.07, 1.20, and 0.14 mgm. respectively. 
alanine was synthesized from pyruvate and synthesized amino acids 
were detected the controls the cell-free extracts alone. Acetone-dried 
cells carried out the same reactions the cell-free extracts and, addition, 
synthesized alanine (0.65 mgm.) from D-aspartic and pyruvic acids. 

evidence was found for the enzymatic racemization aspartic 
glutamic acids this strain Rhizobium meliloti. The oxygen uptake curves 
plotted from data obtained from the action D-amino acid oxidase the 
L-alanine mixtures were, however, indicative the formation D-amino 
acid. oxygen uptake was found when the heat-treated controls were 
examined. Paper failed reveal the presence the 
unheated mixtures any amino acid not present the controls and, therefore, 
the D-isomer was concluded that alanine. The cell-free extract 
formed mere traces D-alanine from L-alanine while the total amount 
D-alanine produced the acetone-dried cells was 1.78 mgm. and corre- 
sponded 20.0% the L-isomer which was originally present. 


Discussion 


Washed cells Rhizobium meliloti were capable oxidatively 
deaminating both and D-amino acids. Data obtained during deaminations 
intact cells are, however, complicated the occurrence additional 
reactions such transamination and ammonia assimilation, both which 
would yield low recoveries ammonia. additional complication both 
transamination and oxidative deamination yield keto acids which, upon 
oxidation, would give rise oxygen uptake. Therefore, the low ammonia 
recovery and large oxygen uptake observed with glutamic acid may reflect the 
active participation this compound transamination, coupled with the 
oxidation degradation the keto acid formed. This latter 
reaction would account for the respiratory quotients glutamic and 
a-ketoglutaric acids being similar. 

The test organism possesses transaminases which involve both and 
D-amino acids. The reactions involving the D-isomers may similar 
those described Thorne (10, 11) and may involve racemization. Since 
racemization aspartic glutamic acids was found, the experimental 
findings suggest that the L-glutamic acid formed from a-ketoglutaric and 
acids could have been synthesized via the following sequence: 

(a) D-aspartic acid pyruvic acid D-alanine oxalacetic acid, 

racemase 

D-alanine L-alanine, 

(c) L-alanine a-ketoglutaric acid L-glutamic acid pyruvic acid. 

D-amino acids other than aspartic can converted into D-alanine this 
organism then alanine racemase would provide pathway for the utilization 
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the D-isomers. Nevertheless, since nothing known the relative rates 
D-amino acid transamination and racemization care must taken not 
assign these processes any major position D-amino acid metabolism. 
They may only minor importance, with the major route being deamina- 
tion and subsequent amination one more keto acids, with the resulting 
production L-amino acids (7). 

The detection the synthesis alanine from D-aspartic and pyruvic acids 
acetone-dried cells, but not cell-free extracts, may attributable the 
slower formation alanine the cell-free extracts and its rapid removal 
subsequent reactions. Under these conditions detectable amounts alanine 
may not accumulate. 

Unpublished experimental results, involving comparisons between two 
effective strains Rhizobium meliloti and two parasitic strains 
(Reo, unfortunately indicate that there are fundamental 
differences and D-amino acid transaminating ability that might 
linked the condition parasitism effectiveness. 

The results presented suggest integrated scheme 
reactions for the utilization and conversion and D-amino acids 
Rhizobium meliloti. This scheme involves reactions which are common 
many other organisms and there indication any specialized pathways 
amino acid metabolism rhizobia. 
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BIOCHEMISTRY THE USTILAGINALES 
XI. METABOLIC PRODUCTS USTILAGO ZEAE SUBMERGED CULTURE! 


Abstract 


Ether-soluble specific gravity were produced extracellularly 
yields over gm./liter fermentation mixture strains Ustilago 
growing shaken medium containing cerelose, urea, and sugar beet 
molasses. The bulk the oily material was shown glycoside mannose 
and erythritol, and addition, itaconic acid and dianthrone were shown 
present. Yields itaconic acid determined method 
1.2 (Friedkin) reached values over gm./liter but such values were 
considerably higher than those indicated quantitative isolation this acid. 
One hundred and eighty isolates Ustilago were grown medium with and 
without calcium carbonate and some isolates produced oily 
material, produced ustilagic acid, and produced both crystals and oil. 
Ether-soluble substances from freeze-dried fermentation mixtures different 
isolates ranged from gm./liter, while methanol-soluble substances from 
ether-extracted freeze-dried fermentation mixtures ranged from gm. /liter. 


Introduction 


While screening cultures Ustilago zeae obtain higher yielding strains 
for the production ustilagic acid (4, 11), number isolates were obtained 
which produced, the shake-culture mixture, extracellular globules 
instead the extracellular crystalline material present the ustilagic acid 
fermentation. 

The high yields this oily material plus the interest aroused the 
ustilagic acid fermentation prompted further investigation. simple method 
isolation the bulk the oily material was devised and samples for 
chemical analyses were prepared. The results some the analyses are 
reported. Examination 180 isolates revealed the production series 
fatty compounds. 


Materials and Methods 
Fermentation Techniques 

The methods used for the collection and isolation the test organisms and 
for their culture are described previous paper (4) this series. 

The basal medium used, unless otherwise stated, consisted mineral 
base (containing gm. per liter distilled water: potassium phosphate 
monobasic 0.2, potassium phosphate dibasic 0.3, magnesium sulphate 
heptahydrate 0.2, sodium chloride 0.1, calcium chloride dihydrate 0.1, 
ferrous sulphate heptahydrate 0.015, zinc chloride 0.00025) which was 
dissolved gm. per liter: cerelose (glucose monohydrate) 100, sugar beet 
molasses 0.6, and urea 1.2. Calcium carbonate, where used, was added 
the rate 1.7 gm./liter medium. 


Manuscript received August 31, 1955. 

Contribution from the National Research Council Canada, Prairie Regional Laboratory, 
Saskatoon, Saskatchewan. Issued Paper No. 207 the Uses Plant Products and 
No. 3769. 

Present address: Red Star Yeast and Products Co., Milwaukee, Wis. 
Research Council Postdcctorate Fellow 1952-54. 
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The medium was dispensed required 50, 100, 150 ml. aliquots into 
500 ml. Erlenmeyer flasks which were then cotton-plugged and sterilized. 

The amount inoculum employed was volume the culture medium 
inoculated. Cultures used inocula were prepared inoculating 
basal medium from agar plate cultures (4) from shaken flask cultures. 
After two days’ growth shaken 500 ml. flasks, these fermentation mixtures 
were used inoculate experimental fermentations. 

Both the inoculum and the experimental flasks were agitated means 
rotary shaker operating 225 r.p.m. with horizontal radius motion 
one inch. Incubation was 28°-30° 


Analytical Procedures 

Reducing sugars were determined the method Shaffer and Somogyi 
(10) using their ‘‘reagent with gm. potassium iodide. 

Itaconic acid was determined the method Friedken 
claims this method specific for itaconic acid; however our work 
unsaturated compounds, other than itaconic acid, present the fermented 
mixture interfered with the determinations, resulting apparent yields often 
considerably higher than those indicated quantitative isolation itaconic 
acid. 

Titratable acids were determined ml. whole fermentation mixture 
using N/10 sodium hydroxide and phenolphthalein end point. 

For comparative determinations volumes culture solids, etc., 
fermentation mixtures ml. graduated Kolmer, ml. graduated 
conical bottom centrifuge tubes were centrifuged for min. 2000 r.p.m. 
International Model PR-1 P-1 centrifuge. 

Aliquots fermentation mixtures freeze-dried were first frozen 
cold room, then vacuum-dried 35° for three days the 
primary drying chamber Edwards Model centrifugal freeze-drier. 


Experimental and Results 


One the first isolates studied was strain Ustilago designated 
PRL 627. addition the short budding cells the fungus with their 
prominent globules intracellular oil, the fermented culture mixture contained 
many globules oil floating free the medium (Fig. the flask 
containing the culture mixture was removed from the shaker and left 
stationary, these globules soon settled, coalescing form pool the 


Fic. mixture Ustilago (PRL 627) showing fungous cells and many 
globules extracellular 128 (approx.). 

Fic. View through bottom 500 ml. Erlenmeyer flask containing fermented culture 
mixture Ustilago (PRL 627). The extracellular metabolic product has settled 
the bottom the flask. 

Fic. culture mixture Ustilago (PRL 627) mounted under cover glass. 
Flattened globules are obvious. The short, blunt smut fungus cells contain 
prominent highly refractive oil globules. 513 (approx.). 

Fic. Fresh culture mixture Ustilago (PRL 1290). Note long needle-like crystals 
embedded globules and prominent oil globules the smut fungus cells. 514 


(approx.). 
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TABLE 


VOLUMETRIC COMPARISONS YIELDS OIL FROM SELECTED STRAINS 


Vol. culture solids, etc. Vol. oil 

Culture Without CaCO; Without With CaCO, 
No. culture mixture) culture mixture) 
1389 49.9 60.0 16.6 13.2 (cryst.) 
1390 60.0 37.0 10.0 
1287 70.0 70.0 25.0 25.0 
1299 40.0 120.0 20.0 
1326 55.0 50.0 20.0 
1332 85.0 100.0 25.0 10.0 
1335 45.0 50.0 20.0 15.0 
1338 35.0 50.0 20.0 10.0 
1374 85.0 45.0 30.0 10.0 
1340 70.0 65.0 20.0 20.0 
1341 35.0 25.0 25.0 15.0 
1342 30.0 30.0 20.0 10.0 
1343 50.0 50.0 22.0 20.0 
1344 80.0 55.0 25.0 15.0 
1373 80.0 50.0 15.0 


bottom the flask (Fig. the freshly centrifuged culture mixture the 
oil appeared clear straw- greenish-colored layer the bottom the 
tube (Fig. the whole culture mixture graduated tubes 
afforded quick estimate comparative yields (Table I). 

For recovery the oils, fermentation mixtures from number similarly- 
treated flasks were combined and shaken thoroughly with ethyl ether. The 
aqueous phase with the culture solids was removed after settling separatory 
funnels, and re-extracted with fresh portions ether until colorless extract 
was obtained. (It was often convenient centrifuge the whole mixture, 
discard the supernatant liquid, and extract the centrifuged solids and oils 
with Frequently the whole fermentation mixture was freeze-dried and 
then extracted.) The ether extracts were combined, dried over anhydrous 
sodium sulphate, and then filtered. The ether was removed distillation, 
leaving, one instance some 300 gm. oil, representing yield about 
gm. per liter. 

Intracellular oil was obtained acid treating and ether extracting the 
residue remaining after the extraction the extracellular oil. The residue 
was refluxed with hydrochloric acid for four hours, and the mixture cooled 
and filtered suction. The solids obtained were washed with water until 


Fic. samples culture mixture Ustilago (PRL 627). Lighter- 
colored layer bottom tubes the extracellular produced the fungus, the 
darker layer the fungous cells. 


Fic. Centrifuged samples fresh culture mixture strains (left right) PRL 
1258, 1290, 224, 1290, 119, and 1298. The three the right were from cultures buffered 
with calcium carbonate. The crystalline metabolic products are clearly distinguishable 
from the darker fungous cells the three tubes the left. The range total culture 
solids present obvious. 
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free acid, then dried, and extracted with ether Soxhlet apparatus. 
The extract was dried over anhydrous sodium sulphate, filtered, and the ether 
removed distillation. 

Some the yields obtained from two oil-producing cultures are shown 
Table II. The extracellular oils both cultures were interesting because 
their high yields and their high specific gravities. The extracellular oils were 
heavier than water all the fermentations conducted with PRL 627 and 317, 
and measurement the specific gravities two samples gave values 
1.035 (25°/28°) for the oil from Ustilago sp. PRL 627 and 1.075 (25°/28°) for 
that from PRL 317. 

Better and more consistent yields oil were obtained from Ustilago sp. 
PRL 627 and the products this organism were investigated first. 
Preliminary data (Table indicated the novelty the extracellular oil, 
and most the analytical work reported this and following paper 
(1) has been concerned with this substance. 

series cultural studies, was found that cerelose, maximum 
yields ether-soluble oil were obtained less than four days, and 10% 
cerelose, about six days. 

Best yields ether-soluble oils under our conditions were obtained using 
100 ml. culture medium per 500 ml. flask (Fig. 5). The use calcium 


TABLE 


YIELDS OF ETHER-SOLUBLE OILS FROM TWO STRAINS OF Ustilago 


Extracellular oil* Intracellular oil 

Organism broth) broth) 
PRL 627 12.8 
10.3 
16.7 
PRL 317 4.4 


Saponification values ranged from 245 312 for the from PRL 627, averaging 283. 
The saponification value PRL 317 was 258. 


TABLE III 
ANALYTICAL DATA OILS OBTAINED FROM TWO STRAINS Ustilago 


Ustilago sp. PRL 627 Ustilago sp. PRL 317 
Extra- Intra- Extra- Intra- 
cellular cellular cellular cellular 
Yield oil from 1500 ml. broth 12.3 8.2 6.3 
Analysis 
Free fatty acids (as oleic) 13.0 8.4 
Acid number 16.7 42.8 
Saponification value 301 187 296 195 


Non-saponifiable fraction 2.97 4.76 1.52 


— 
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carbonate depressed, most cases, the production ether-soluble oils. 
Increased aeration obtained adding ml. medium each flask instead 
100 ml. increased the total yield fats, but decreased the fraction readily 
soluble ether. 

The length incubation and treatment culture mixture after incubation 
had marked effect the nature the metabolic by-products. flasks 
were left the shaker after all the available carbohydrate had been utilized, 
the yield ether soluble oil was reduced and the product was darker color. 
the culture mixture was allowed stand room temperature after shaking, 
the amount fatty substance the ether-extracted materials increased. 

certain instances, after the oil from PRL 627 cultures had been allowed 
stand, first contact with the culture medium, and then after extraction, 
crystals were formed the extracted oil. These, although ether soluble, were 
insoluble petroleum ether, and could washed free oil with this solvent. 

From one oil sample (Lot 397) white crystals were obtained which when 
recrystallized from benzene 10% acetic acid had melting point 
Element analysis followed mixed melting point with known 
sample showed that this compound was itaconic acid (1). likely that 
more itaconic acid was present the fermentation mixture for this substance 
only slightly soluble ether. 

From other oil samples (Lots 295, 296, 297), yellow crystals precipitated. 
These appeared mixture two substances, one with melting point 
around 170°C. and the other melting around 240°C. Separation was 
achieved recrystallizing from benzene. 

The high melting point compound although obtained only small yields 
has been proved dianthrone comparison its infrared spectrum 
with that authentic sample, and and analysis. This com- 
pound formed about 20% weight the yellow crystals. The remaining 
portion has not yet been identified although appears that the quinone 


group present. 


CH: = COOH 
CH:COOH 
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reported elsewhere (1) the bulk the oily material produced PRL 627 
was shown glycoside mannose and erythritol. 


Survey Isolates 

comparison some 180 isolates Ustilago, cultures were grown 
10% glucose, with and without calcium carbonate for five days, then examined 
microscopically, and data obtained concerning volume cells and oils 
produced, ease centrifugation, dry weights culture mixture, methanol- 
soluble substances, ether-soluble substances, methanol-soluble ether-insoluble 
substances, and extracted cells, available carbohydrate utilized, and acids 
present culture mixtures. 

The data obtained are too numerous included here, therefore 
summary presented. 


Microscopical Examination 

most the fermentations, the majority the smut cells were short, 
budding, and heavily charged with prominent oil globules (Figs. and 4). 
Some the cultures showed the presence free-floating globules 
extracellular oily material (Figs. showed clear needle-like 
crystals mixed with the cells the typical ustilagic acid fermentation (4), 
while showed the crystals embedded oily material (Fig. 4), though 
others showed both crystals and oily material floating freely. standing 
and cooling room temperature, generally the numbers crystals increased, 
and the free oil, crystals embedded oil settled the bottom the 
flask (Fig. 2). 


Centrifuged Samples 

Volumes cells plus centrifugable by-products (Table I), measured 
this study, varied widely, ranging from 633 ml. per liter culture mixture 
(PRL 1298 with low ml. The volume oils reached 
maximum ml. per liter culture mixture one culture while crystalline 
material the bottom some tubes went high ml. per liter culture 
mixture (PRL 1384 with (See also Fig. 6). 


Freeze-dried Samples 

Data concerning six arbitrarily selected cultures are given Table IV. 
The weights freeze-dried whole fermentation mixture ranged from gm. 
per liter certain slower growing cultures, over gm. per liter most 
cultures showing more less complete utilization available carbohydrate 
during the five-day growing period. The dry weight the residual filter 
cake after extraction the freeze-dried culture mixture first with ether, then 
with methanol, ranged from gm. per liter. 

Yields ether-soluble substances from freeze-dried culture mixtures ranged 
from over gm. per liter, and methanol-soluble substances from 
ether-extracted freeze-dried fermentation mixtures from about gm. 
per liter. 
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Titratable acids, determined this study, ranged from less than 
over ml. N/10 NaOH required neutralize ml. culture mixture. 
Invariably these values were higher fermentation mixtures containing 
calcium carbonate than comparable cultures without calcium carbonate 
(Table V). 


TABLE 


SUGAR UTILIZATION AND YIELDS METABOLIC PRODUCTS AND CELLS SEVERAL 
STRAINS Ustilago GROWN 10% CERELOSE MEDIUM 


Weights 


Culture sugar dried ferm. sol. ether- filter 
No. CaCO; utilized mix. Ether-sol. cake 
1275 94.0 59.0 14.4 28.4 8.3 
90.8 64.0 6.5 21.9 15.4 

1281 85.0 50.6 26.0 12.3 
58.0 10.5 31.4 15.5 

1282 83.0 44.0 8.1 26.6 10.7 
84.6 49.3 6.4 27.8 13.1 

1284 87.3 47.3 8.9 30.4 
97.0 52.6 8.9 30.4 10.1 

1285 47.3 12.6 10.5 
81.4 53.0 7.1 22.5 14.1 

1288 82.0 52.0 7.6 30.1 12.1 
92.9 44.3 8.2 24.8 13.1 

TABLE 


ACID PRODUCTION CULTURES SHOWING OVER GM./LITER “‘ITACONIC 


Titratable acids Itaconic 

No. Without CaCO; Without CaCO, 
203 1.8 19.1 12.4 
208 2.9 20.7 15.6 16.3 
209 16.0 14.3 15.0 
481 9.4 11.1 
1274 3.0 5.9 11.7 
1275 9.5 4.2 13.0 
1288 1.6 6.9 11.7 
1289 10.8 1.0 14.3 
1291 0.9 9.0 17.6 
1326 2.0 6.3 9.8 11.1 
1327 1.15 6.7 11.7 5.9 
1332 3.8 10.4 10.4 
1335 9.5 4.6 12.4 
1341 0.9 9.5 5.9 12.4 
1388 0.9 7.0 11.9 
1389 5.9 10.0 
1390 6.5 6.5 
1392 1.6 12.4 
1394 2.3 4.3 13.4 9.1 
0.9 4.7 13.0 12.4 
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Itaconic acid, determined the method Friedken (3) was present 
most cultures with yields over gm. per liter fermentation mixture. 
However, mentioned before, the presence other unsaturated materials 
interfered with the reaction making most values too high. Cultures that 
showed the presence itaconic acid, but showed crystals the mixture, 
usually proved producing ustilagic acid and very little other 
metabolic by-products. 


Discussion 


Strains the genus Ustilago are shown produce submerged agitated 
culture, wide range potentially useful metabolic products good yields. 
Ustilagic acid (5), though limited its application antibiotic because 
its low solubility water and instability alkaline pH’s (6, value 
starting point synthesis rare and expensive perfume bases (7) and 
other useful chemicals. Organisms the genus have remarkable abilities 
producers lipides from simple carbohydrates. Yields ether-soluble 
substances from freeze-dried culture mixtures indicate fat coefficients (2) 
least fat coefficients are probably higher than this since the 
crude fats (ether soluble substances) were cold dry ether extracted from 
freeze-dried fermentation mixture rather than from refluxed hydrolyzate 
the mixture, and thus are determined from mainly extracellular lipide material. 
More precise studies fat and lipide production will published 
obvious this time, however, that simple ether other fat solvent 
extraction the dry mycelium may not give accurate picture the 
production fats for the determination fat coefficients because (a) other 
than triglycerides may extracted from the dry mycelium ether and 
extracellularly accumulated material unaccounted for when the washed, 
dried mycelium extracted. 
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THE ACTION BACTERIOPHAGE GHOSTS 
ESCHERICHIA COLI 


Abstract 


study the physiological effects ghosts, prepared the method 
Anderson, has been made. was found that 75% the ghosts can adsorbed 
host cells measured with these, only 35% are killers. The 
remainder, although adsorbed, not prevent colony formation. number 
experiments, both liquid culture and agar plates, show that the effect 
this latter class particles temporary one. They lead arrest 
bacterial multiplication, very marked inhibition protein synthesis (as 
measured uptake and synthesis), exclusion either 
phage, continued respiration with phage infected cell, and 
uptake approaching that expected from the number cells not killed. 
about min., these cells reverse the action the ghosts and resume all 
their normal metabolic activities. 


Introduction 


The discovery that the even-numbered coliphages could osmotically 
shocked yield empty particles, ghosts (2), was soon followed the 
observation that these ghosts comprise the bulk the phage protein, nearly 
all the desoxyribonucleic acid (DNA) being released into solution (7). This 
practically quantitative separation the two main phage constituents 
presents opportunity assessing the independent effect phage protein 
and DNA the bacterial host. 


Following adsorption phage its host the viral DNA injected into 
the bacterium, while the protein membrane remains outside the cell (10). 
Since practically protein accompanies the DNA into the cell (8) and none 
transferred the progeny (5, 10), therefore probable that the parental 
genetic characters are associated with phage acid. The question 
then arises what function, any, exercised the protein envelope 
other than serving carrier for phage DNA. 


Herriott has already shown that ghosts prevent multiplication host 
bacteria and indeed cause lysis the cells under certain conditions (7). Our 
interest this problem was stimulated the observation that when bacteria 
were infected with ghosts, the multiplication superinfecting phage was 
almost completely prevented, whereas large fraction the cells remained 
viable. 


Manuscript received July 25, 1955. 
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The present work was undertaken clarify the above observation and 
obtain further information about the physiological and metabolic effects 
ghosts. Asa result the study has been found that our ghost preparations 
contain two main types particle: one type which kills the bacterium, and 
second which exerts profound influence cellular metabolism for about 
min., after which the cell normal. 


Materials and Methods 


The bacterial strain used was Escherichia coli T2H bacteriophage, 
kindly supplied Dr. Hershey, was used most experiments. This 
phage adsorbs well bacteria the presence relatively high salt concentra- 
tions. Mass cultures bacteria, multiply infected with T2H, yielded 400-600 
phages per bacterium. Rabbit antisera phages and were prepared 
our colleague Mr. Lesley. The neutralization constants (cf. (1) 
37° were 250 and respectively. 

most the experiments chemically defined medium 7.0 was 
used, containing, grams per liter: glucose 4.0; 1.0; 
6.0; 3.0; NaCl, 5.0; 0.1; gelatin, 0.01. 

one experiment synthetic medium (Tris) with low salt concentrations 
and buffer was employed. This medium 
contained grams per liter: 0.12; 0.01; 
0.44; NaCl, 0.59; KCI, 0.15; 0.0003; Tris, 12.1; 0.14; 
glucose, 4.0. 

Bacterial cultures were routinely incubated with continuous agitation 
Cell increase was estimated optical density measurements 
Fisher electrophotometer with 425 filter; optical density units were 
equivalent 1.5 bacteria per ml. The generation time cells 
the chemically defined medium was min. general, the bacterio- 
phage techniques were described Adams (1). 

Ghosts were prepared from purified phage suspensions follows: One-tenth 
milliliter aliquots phage were added 0.2 ml. saturated sodium chloride 
solution. After the mixture had stood room temperature for min., 
9.7 ml. sterile distilled water was blown using rapid delivery pipette. 
The phage survivors varied from 0.04% being the average about 
0.08%. Ghost suspensions were used within few days preparation. 
Throughout this paper the titer ghosts taken the titer the phage 
suspension before plasmolysis. When phage ghost suspensions were 
treated with ultraviolet light (UV) the usual procedure was expose ml. 
aliquots for two minutes small Petri dish placed in. from watt 
germicidal lamp. This treatment reduced the surviving phage titer 
ghost preparations about without noticeable effect the killing 
efficiency the ghosts. 


Sigma Chemical Company. 
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Two preparations labelled T2H phage were made for adsorption 
studies follows: milliliter cultures coli, the defined medium, 
containing mc. sulphate ion were propagated through about five 
generations cells. They were then infected with T2H, the ratio phage 
per cells and allowed lyse. The lysates were purified described 
elsewhere (16) and yielded phage suspensions containing counts 
per minute per phage. these experiments the conditions were such that 
the specific radioactivity the phage should have reached that the medium. 
may calculated that each phage particle contained about 2.2 
sulphur*. 

All solutions for radioactivity assay were diluted the chemically defined 
medium. One milliliter the diluted material with drop Aquadag solution 
(16.5 mgm. Aquadag per ml.) (18) was placed metal dish, evaporated 
dryness under infrared lamp, and counted methane flow counter 
(Nucleometer, Radiation Counter All such counts are uncor- 
rected for geometry. 

The technique developed Monod al. was used for the assay 
B-galactosidase activity (17). The bacteria were treated with toluene for 
min. and the activity measured Beckman spectrophotometer using 
the chromogenic compound o-nitrophenylgalactoside** substrate. The 
techniques used the respiration studies were described Umbreit 
al. (19). Respiration vessels were shaken bath 37°C. rate 
about 115 strokes This rate was found provide adequate 
oxygen diffusion with the bacterial densities used these studies. 


Results 
Killing Efficiency Ghosts 

well known that adsorption phage bacterium results its 
death early this work was observed that suspension ghosts 
was very much less efficient killing bacteria than phage preparation 
containing equivalent number particles. This shown the following 
experiment. bacterial culture was divided into two parts. One was 
infected with multiplicity one phage per bacterium, the other with five 
ghosts per bacterium. After min. 37° C., when adsorption should have 
been complete, the number bacterial survivors was estimated each culture 
count. The results are shown Table 

These results and those many other similar experiments showed that 
only certain percentage the particles the ghost preparation effective 
cell killers. Whereas the killing efficiency phage preparations was 
always about 100%, that ghost preparations varied between and 35%. 
general, then, only out every ghosts killer. This figure 
agrees with that found recently Bonifas and Kellenberger (3). 


This agrees well with the figure 2.5 sulphur per particle found 
Hershey al. (11). 
are indebted Dr. Crocker, Biochemistry Department, University Toronto, for 
sample this compound. 
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TABLE 


KILLING EFFICIENCY Escherichia coli PHAGE AND GHOSTS 


Bacteriophage Ghosts 
Original concentration bacteria, cells per ml: 
Infecting ratio, phage ghosts per cell* 
Survival experimentally measured, cells per ml. 8.0 
Killing 100% 25% 


Throughout this paper the ghost titer taken the titer the phage preparation before the 
ghosting procedure. 

These figures are calculated from the Poisson distribution assuming that all particles are 
and, once adsorbed, are killing particles. Actually only about 75% the ghosts are 
adsorbed. 

Killing efficiency calculated follows: fractional survival cells after ghost infection 
0.29 

From the distribution, assuming that the adsorption ghosts parallels that phage, 
the probability having uninfected cells, (O) where the infecting ratio, multiplicity 


were added the killing efficiency 25%. calculation correction has been made 
for the approximately 25% ghosts unadsorbed. 


Ghosts 

Although T2H phage adsorbs well the host seemed possible that the 
low killing efficiency the ghosts might result from their poor adsorption. 
Since was not possible follow adsorption ghosts the usual phage 
techniques this was tested with labelled particles. 

the first experiment adsorption labelled phage was measured both 
and phage assays. From the results Fig. seen that both 
measurements give approximately the same result. Several such experiments 
indicated that 95% the phage label was adsorbed the 
adsorption figures are corrected for the phage S*, which apparently 
does not adsorb, the rate adsorption found agree with that determined 
from phage titrations. 

Fig. are shown the results obtained when labelled ghosts phage 


were added bacteria. Only 77% the ghost was adsorbed after min. 


Here, too, was found that the results were corrected for maximum 
adsorption 77% the isotope, the corrected figures gave rate adsorption 
similar that phage. The constant was 110 
per min. 

conciuded that large fraction T2H ghosts adsorb host bacteria 
with rate similar that intact phage. Since many bacteria adsorb 
ghosts but are not killed, the low killing efficiency not due lack 
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100 100 


PERCENT UNADSORBED 
PERCENT UNADSORBED 
@ 


2 a 6 8 10 12 4 8 12 16 20 
TIME (Minutes) TIME (Minutes) 


Fic. Adsorption phage resting cells synthetic medium 37° measured 
added the bacterial culture (4.8 bacteria per ml.) time time aliquots 
were quickly chilled immersion ice water (this effectively stopped adsorption), then 
centrifuged for min. The supernatants were assayed for phage and for 


medium 37°C. labelled ghosts. labelled phage. 
labelled ghosts corrected. O-O-O labelled phage corrected. The experimental 
technique here was similar that described with Fig. 


adsorption the particles. Another, smaller, fraction ghosts does not 
adsorb; these particles must result from the plasmolyzing procedure since 
practically all the original phages adsorbed the host. Numerous attempts 
reduce the non-adsorbable fraction ghosts were unsuccessful These 
included the action various enzymes the ghost preparations, changes 
the medium used for plasmolysis, and for the adsorption itself. was 
considered that the non-adsorbable might have resulted from the breakdown 
the particle after adsorption (15). Experiments designed answer this 
question, while not conclusive, indicated that did not. 

should pointed out that Bonifas and Kellenberger, using the electron 
microscope, have indicated that more than 99% ghosts are adsorbed 
host bacteria. However, for given phage titer, 25% fewer ghosts were 
counted after plasmolysis than would have been expected, and this percentage 
could represent the non-adsorbable fraction (3). 
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Kinetics Bacterial Killing Ghosts 

shown above, only 35% the particles the ghost preparations 
were cell killers. the results some experiments the physiology 
and metabolism ghost infected cells, described later section, were 
inconsistent with this conclusion. When respiration, assimilation, 
B-galactosidase synthesis, and interference with superinfecting phage were 
measured ghost infected bacteria, appeared that far these criteria 
were concerned, the ghost suspensions consisted much larger percentage 
particles. 

This paradoxical result could due the following difference the two 
types experiment. plate count involves incubation bacteria overnight 
the plate, whereas the results the metabolic experiments are obtained 
during relatively short interval after infection bacteria suspended 
liquid medium. Accordingly, was felt that the discrepancy might 
clarified surviving bacteria were estimated plate count intervals over 
extended period, after infection culture with ghosts. such extended 
experiments, however, the small percentage surviving phage ghost 
preparations introduces complication. Namely, this phage will infect some 
cells, multiply, and release relatively large amount phage min. 
Sufficient cells may then infected obscure the action ghosts. This 
secondary effect may prevented several ways: (1) large dilution 
the culture after infection with ghosts, (2) treatment ghost prepara- 
tions reduce greatly the amount surviving phage, (3) adding antiphage 
serum after infection. Each technique was used described the following 
experiments. 


Dilution Infected Cultures 

this experiment bacterial culture the exponential phase was divided 
into two parts. One was infected with ghosts, the other with phage. After 
min. 37° both cultures were diluted factor 0.2 the 
same medium, allowed stand 37° C., and samples were plated intervals 
for surviving bacteria. The results are shown Fig.3. the phage infected 
culture the bacterial survivors decreased until min. after infection. 
Bacterial multiplication then began exponential rate consistent with the 
usual generation time coli this medium. The ghost infected culture 
behaved quite differently. The number cells decreased for min., 
remained constant for further min., and then increased the normal 
exponential growth rate. 


the phage infected culture, the exponential increase cell number after 


min. represents multiplication cells uninfected with phage during the 
min. prior dilution. There are two possible interpretations the ghost 
results: (1) The resumption growth min. could due the 
multiplication uninfected bacteria. the bacteria grow 
normally, and the exponential rise after min. results entirely from the 
multiplication such bacteria, extrapolation the exponential part the 
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Cells per mi) 


BACTERIAL CONCENTRATION (Log 


TIME (Minutes) 


Fic. Colony counts bacteria infected synthetic medium with either phage 
ghosts, and then diluted extensively. Phage infection—multiplicity 1.2. 
Ghost infection—multiplicity 4.9. The killing efficiency for the ghosts this 
experiment was about 30%. The logarithm the number bacteria plotted the 
ordinate represents the number colonies found the plate multiplied the dilution 
factor. The time dilution indicated the arrow the abscissa. 


curve back min. should give the real number bacterial survivors 
this time. the present instance the survival would 8.3% the bacteria 
rather than the 26% found plate count. The 8.3% survival corresponds 
infecting ratio 2.5 ghosts per cell (Poisson). However, 4.9 ghosts 
per cell were added the culture, and, 75% adsorption assumed, the 
actual infecting ratio 3.6. This difference significant and has been 
observed repeatedly. The resumption bacterial multiplication min. 
cannot, therefore, entirely due increase bacteria uninfected min. 
(2) fraction ghost infected bacteria lie dormant until min. 
and then resume their growth. Some bacteria adsorb ghosts, not divide 
for about min., and then recommence multiply the normal manner. 
the metabolism these bacteria were affected during thisdormant period, 
then this measurement might indicate high percentage 
particles. These conclusions were verified later experiments. 


Experiments with Ghosts and with Antiphage Serum 

The use treated ghost preparations, the addition antiphage 
serum min. after ghost infection, serves the same purpose extensive 
dilution the culture after ghost adsorption. Results obtained with both 
techniques were accord with the results obtained the dilution procedure 
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Reversal the Effect Adsorbed Ghosts 


The preceding experiments showed that, when preparation ghosts was 
added bacterial culture, fraction the cells was killed; another fraction 
adsorbed ghosts but later probably reversed their effect and began multiply 
normally; third small fraction was not infected and continued multiply. 
The results did not clearly show the relative proportions the three fractions 
when reversal the ghost effect took place. was felt that clearer 
picture might represented the behavior individual surviving bacteria 
from ghost infected culture was studied. 

this bacterial culture was infected with ghosts, diluted with medium, 
and large number aliquots distributed into individual tubes; each tube 
contained average approximately one survivor per tube. These tubes 
were left and intervals group was poured individual agar 
plates and spread. Table gives the details the procedure and shows the 
distribution colonies the plates. The results for the uninfected control 
shows that multiplication occurred each tube containing bacterium. 
fact, the increase total colonies from 237 gives generation time 
min. the ghost infected culture only very small number tubes 
contained uninfected bacteria, that the renewed growth the earlier 
mass culture experiments was due uninfected bacteria only small number 
these tubes should show growth 125 min. however, large fraction 
the survivors reverse the ghost effects and start multiply around min. 


TABLE 


MULTIPLICATION GHOST INFECTED BACTERIA INDIVIDUAL SAMPLES 
CONTAINING APPROXIMATELY ONE SURVIVOR EACH 


Number plates containing Total 


colonies 


Time zero taken min. after the ghosts. 


culture synthetic medium 4.2 108 bacteria per ml. was infected with multiplicity 
five ghosts per bacterium. After min. this culture was diluted synthetic medium 
concentration approximately two survivors per ml. and 0.5 ml. aliquots distributed into 100 
tubes 37° C.; tubes were plated immediately, tubes min. later, and 140 min. 
control culture, uninfected, was treated similar way. The number survivors the ghost 
infected culture was 1.2 108 bacteria per ml. that the killing efficiency was 27%. 
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large number tubes should show growth 125 min. The distribution 
colonies (Table does suggest that the increase cells observed 125 min. 
was due several rather than the exclusive multiplication 
one two uninfected cells. 

Further information this point was obtained the following manner: 
bacterial culture was infected with ghosts synthetic medium and after 
min. diluted heavily the same medium. This and the following operations 
were done 37°C: Small aliquots containing only few survivors were 
spread each number agar plates, prepared with synthetic medium. 
intervals small volume synthetic medium was added each set 
three plates and spread over the surface with glass rod. This technique 
was designed distribute the progeny any cells which may have divided 
the plate, and thus display the separated colonies. Since the number 
survivors added per plate was very low (about five) the chance finding 
uninfected bacterium any plate was very small. Therefore increase 
colonies would observed only when ghost infected bacterium reversed the 
inhibition. Fig. the results. Uninfected cells multiplied exponentially 
the plates with generation time min. clearly demonstrated 
that there division the infected cells for min. and the multiplication 
begins with min. generation time. similar experiment was done using 
tryptose broth plates, and this also showed reversal min. The generation 
time these plates was min. 


BACTERIAL, CONCENTRATION Cells Per 


TIME (Minutes) 


Fic. Growth ghost infected bacteria synthetic agar plates. Control. 
@-@-@ Ghost infected—multiplicity 5.5. The logarithm the number bacteria 
the ordinate represents the number colonies found the plate multiplied 

the dilution factor. 
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the above experiment have followed the behavior number 
infected bacteria placed agar plates. similar technique was used 
study single bacteria. Bacteria the exponential phase synthetic medium 
were diluted and one drop (0.04 ml. containing about 0.5 cells) was applied 
each squares each synthetic medium agar plates. Four the 
plates were left undisturbed for colony counts the following morning. After 
drop sterile saline was added each square another four 
plates and spread the agar surface within the squares. The remaining four 
plates were treated similarly 146 min. Another portion the original 
culture was infected with five ghosts per bacterium and after min. for 
adsorption, similar series plates containing about 0.5 survivors per square 
was prepared for the uninfected culture. All operations were carried out 
37°C. Table III tabulated the distribution colonies for each plate. 
The results again show clearly that renewed growth the infected culture 
140 min. results from large fraction the infected bacteria and not from 
small number uninfected cells. 


TABLE III 


GROWTH INDIVIDUAL GHOST INFECTED BACTERIA AGAR PLATES 


Sample min. Colonies per square 


Average time after plating. 
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From the experiments described thus far may conclude that ghosts 
adsorb bacteria and inhibit their multiplication. Those cells which not 
die are able reverse the inhibition and resume multiplication; reversal 
occurs around min. after infection for the majority these cells. 


Exclusion Phages and Ghost Infected Cells 


Several investigators have found that bacteria infected with ghosts will not 
support multiplication superinfecting phage (6, have studied 
this problem find whether exclusion superinfecting and breaks 
down the same time that the cells reverse the growth inhibition adsorbed 
ghosts. 

For these experiments ghost preparation which had been treated with 
light was added known number bacteria. intervals after adsorption 
was complete, phage was added aliquots the suspension. Unadsorbed 
phage was inactivated with anti-T2 serum and the number infectious 
centers determined plating with sensitive bacteria. This gave the number 
cells capable yielding phage various times after adsorption 
ghosts. The results three such experiments are shown Table From 
min. after ghost adsorption, not more than 20% the bacterial 


TABLE 


CELLS CAPABLE PHAGE PRODUCTION AFTER TREATMENT 
GLUCOSE MEDIUM WITH 


Time after Surviving Infected 
Ghosts addition cells per per ml. 
Expt. per cell ghosts Surviving cells 
12.8 19.5 
9.0 $.3 
100 14.2 15.0 106 
150 41.0 
3.0 16.7 
4.5 28.0 
3.0 18.8 
2.0 10.5 
8.0 
100 


Secondary infection. 

Expressed percentage. 

Sample protocol: growing culture approximately bacteria per ml. was 
added treated ghost suspension that the was 6-7. time aliquots were 
removed and infected with phage multiplicity After seven minutes allowed for 
adsorption, was made into anti-T2 serum and that serum was allowed act for three 
minutes. Control experiments indicated that this was sufficient time remove most the unadsorbed 
phage. this time sample was then plated with sensitive bacteria for infectious centers. 

Zero time represents control experiment with phage where the bacterta were not previously 
infected with ghosts. 
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TABLE 


CELLS CAPABLE PHAGE PRODUCTION AFTER TREATMENT WITH GHOSTS 


Surviving Infected 
Ghosts cells per ml. per ml. 
1.8 
4.0 
4.1 


the usual glucose medium containing high concentrations salt very large phage 
multiplicities (100 were required infect all the bacteria and fact the control only 71% 
the bacteria were infected. The figures for the ghost infected bacteria have therefore been corrected 
compensate for the 29% the cells that are uninfected. 

the second experiment, the Tris medium described earlier was used. The loss infective 
centers here was much lower. 

Expressed percentage. 


survivors will support growth, but from 100 150 min. practically all the 
ghost infected cells are able produce phage. Essentially, the results with 
superinfection, shown Table are accord with those T2. 

Thus bacteria, whose growth inhibited adsorbed ghosts, will 
exclude and phages until the ghost inhibition reversed. They then 
become susceptible. 


Metabolic Activities Ghost Infected Cells 


The preceding experiments showed that ghost infected cells are either killed 
their multiplication inhibited for 100 min. While the inhibited 
cells later reverse the effect ghosts would seem that, during the period 
growth inhibition, some profound changes take place their metabolism. 
One manifestation this change apparent the ability ghost inhibited 
cells resist superinfection with and phages. have investigated 
certain metabolic processes these cells, that is, respiration, protein synthesis 
measured uptake and the ability synthesize the adaptive 
enzyme and the uptake These experiments are 
described below. The results support the conclusions already drawn and give 
further insight into some the processes occurring the ghost inhibited cells. 


bacterial culture infected with phage T2, respiration longer increases 
exponentially but linear manner the rate observed just before infection 
(4). This demonstrated Curve Fig. with bacterial culture infected 


with multiplicity T2H phage particles per cell. Curves and 


the result infecting two similar bacterial cultures with ghosts 
multiplicities and respectively. can seen that the fourfold ghost 
infection reduces the respiration rate 37% and the eightfold infection 
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OXYGEN 


20 40 60 80 100 120 140 20 40 60 80 100 120 140 160 
TIME (Minutes) TIME (Minutes) 


Fic. Oxygen consumption bacteria treated with phage ghosts. O-O-O 
Uninfected culture. Curve phage infected culture—multiplicity 5.0—slope 
0.143. @-@-@ Curve ghost infected culture—multiplicity 4.0—slope 0.053. 
Curve ghost infected culture—multiplicity 8.0—slope 0.015. 

The sidearms the Warburg vessels containing either ghosts phage were tipped 
the time indicated the arrow the abscissa. 


consumption bacteria treated with ghosts treated ghosts. 
Uninfected Curve treated ghost infected culture— 
multiplicity 4.5—slope @-@-@ Curve untreated ghost infected culture— 
multiplicity 6.0—slope 0.027. The respiration rate the time infection has been 
extrapolated simulate phage infected culture (Curve 1)—its slope 0.134. The 
the Warburg vessels were tipped the time indicated the arrow the 
abscissa. 


10.5% the rate observed the phage infected cultures. Fig. similar 
experiment illustrates the effect respiration 4.5 treated ghosts 
(Curve and untreated ghosts (Curve 3). Whereas the cells infected with 
untreated ghosts respire linear rate for 130 min. the bacteria infected with 
ghosts show increased respiration rate about min. suggesting that 
reversal the ghost inhibition occurring. Reversal would not apparent 
the tests represented Curve Fig. Curves and Fig. because 
the presence phage ghost preparations. 

phage infected culture, the respiration after infection linear and 
independent the multiplicity infection. However, with ghosts, the 
infecting ratio increased, the respiration rate bacterial culture decreases. 
This change respiration rate correlated with the number surviving cells. 
This would indicate the following mechanism action ghosts its host. 
When the host adsorbs ghost particle either (1) killed, (2) reversibly 
inhibited. The former cell does not respire. The latter respires the same 
rate phage infected culture during the period inhibition. the 
inhibition reversed, these bacteria resume their normal increase respiration 
rate consistent with the exponential increase cell number. 
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800 


(Counts per minutes) 


Nn 


TIME (Minutes) 


Fic. Uptake normal and ghost infected bacteria. Curves and 

Curves and ghost infected cultures—multiplicities 5.4 and 
per 

Bacteria were grown 108 and divided two. One culture was infected with 
ghosts. seven minutes the same quantity was added each culture and 
time samples taken into cold TCA, centrifuged, and the pellet washed twice 
with cold TCA. This removed all free and soluble sulphur. The pellet was then 
resuspended and measured for radioactivity. The killing efficiency was about 15-20%. 


3.9 

9.0 
= 8.9 93. 
8.8 
8.6 

20 40 60 80 100 =6120 20 40 60 80 100 «6120 
(Minutes) TIME (Minutes) 


Fic. and colony counts for normal and ghost infected labelled 
bacteria. Curves control cultures. Curves ghost infected cultures(multiplicity 5.2). 

Experiment similar that described with Fig. except that before uptake was measured 
the bacteria were previously grown through five generations the presence the radio- 
active isotope. Under these conditions the uptake isotope uninfected bacteria 
should parallel the increase the number bacteria. The experiment differs well 
that treated ghosts were used for the infection. The killing efficiency was about 12%. 
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Protein Synthesis: Uptake 

these experiments the uptake from the medium into trichloroacetic 
acid insoluble cellular constituents both normal and ghost infected cells 
was measured. Fig. shows the results two such experiments. the 
ghost infected cultures about 50% the cells were killed but the 
uptake was only 15% that normal dividing cells. This indicates 
very much decreased protein synthesis those are inhibited 
ghosts but will eventually resume normal division. 

This conclusion strengthened the following experiment: culture 
bacteria was grown through five generations synthetic medium containing 
sulphate ion, and divided into two parts. One part was allowed 
grow normally. Since the bacteria were uniformly labelled further uptake 
this portion should parallel the increase cell number. That this 
shown Figs. and Curve The other part was infected with 
treated ghosts multiplicity were removed for 
estimation surviving bacteria plate count, Curve Fig. 8a, and TCA 
insoluble Curve Fig. 8b. The results show very much decreased 


3 80 160 
E120 
250 
> 40 = 860 
w 
5 10 20 «625 35 5 10 15 20 2 


TIME (Minutes) 


Fic. Induced biosynthesis normal and ghost infected bacteria. 
control cultures. Curves and ghost infected cultures (multiplicities 

and 5.5). 

synthesis was measured the normal synthetic medium with lactose 
the inducer. Sodium succinate replaced glucose the energy source since the latter 
inhibits the induction process. The generation time here was about min. 

bacteria the culture was divided into two. One the cultures was infected 
with ghosts. other served control. After seven minutes, lactose was added 
final concentration 0.2% and samples were taken various times for the addition 
toluene. These were then incubated 37°C. for min., after which the enzyme 
measurements were described Monod al. (17). 

Fic. uptake normal and ghost infected bacteria. Curve control culture. 
Curve ghost infected culture—multiplicity 4.7. 

This experiment similar that described with Fig. except that was used rather 
than The incorporation into the TCA insoluble fraction the culture was again 
measured. 
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assimilation the ghost infected cells, then uptake isotope after 
min. consistent with the renewed exponential growth the bacteria. 


Protein Synthesis: B-Galactosidase Formation 

Fig. represents the synthesis coli for min. after 
infection with ghosts and corresponding cultures normally multiplying 
cells. Although only 20% the cells were killed ghost infection the 
synthesis was reduced about that the controls. 

These experiments show that although many the ghost infected cells are 
not killed, they are still incapable synthesizing adaptive enzymes. 


Uptake 

another series experiments the uptake ghost infected cells 
was measured. can seen (Fig. 10) that min. after the addition 
the infected bacteria, Curve have assimilated 18% much phosphorus 
the control culture, Curve The killing efficiency this experiment was 
about 15%, that is, 53% the bacteria survived ghost infection. Although 
phosphorus assimilation inhibited the uptake approached that which would 
expected from the number survivors. 


Discussion 


mentioned earlier, our interest ghost infected bacteria was first 
stimulated the disparity between ability exclude superinfecting phage 
and the number survivors measured agar plates. has been shown 
here, this difference extends through wide spectrum biochemical properties 
these bacteria. Where 50% more the bacteria are measured 
survivors agar plates, the rate protein synthesis only 15% that 
the control and the rate phosphorus uptake about 40%. the 
behavior ghost infected culture followed with time, found that after 
120 min. 37° change occurs large fraction the bacteria, 
whereby division, which was arrested the time infection, resumes. 
this fraction the population which accounts for the anomalous behavior 
such cultures. 

The sequence events following infection coli with ghosts may 
visualized follows: the infecting population, only about 75% are 
adsorbed the host cells. About 35% the adsorbed ghosts kill the 
host. These infected bacteria not form colony agar plates, will not 
support the development secondary infecting phage particle, 
not synthesize any protein, and probably not assimilate any phosphorus. 
The remainder the adsorbed ghost particles not kill the host but arrest 
its division. This situation prevails for about 120 min. and then the 
infected bacterium recommences multiply and behaves like uninfected 
cell. These bacteria when plated agar plates will form colony since 
after min. the plate they become normal cells. However, during the 
min. preceding reversal they are able resist secondary infection with 
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and bacteriophage, synthesize little protein, and respire like phage 
infected bacterium. difficult assess the data phosphorus uptake 
quantitatively but most likely the rate phosphate incorporation ghost 
infected cells similar that phage infected bacteria. 


There are certain points interest about both these types bacteria. 
Bacteria which are killed ghosts seem incapable any metabolism whatso- 
ever, and most respects they resemble bacteria infected with the bacteriocins 
second class ghost infected bacteria appear unique. During 
the early period before reversal they behave like phage infected bacterium 
far exclusion and respiration are concerned. However, whereas phage 
infected culture does synthesize protein measured uptake (11), 
action this class ghosts bacteria has not been elucidated nor has the 
reason for the reversal. may interest that Bonifas and Kellenberger 
have found that least two different kinds ghost infected bacteria may 
distinguished under the electron microscope (3). 

should emphasized that the physiology ghost infected bacteria seems 
dependent the methods which ghosts are prepared since Weidel 
has recently shown that ghost preparations can made with 90% more 
killers (20). single experiment done after the work this paper was 
completed, found that Weidel’s method does indeed give larger percentage 
killing particles. Presumably these particles will consist mostly those 
which kill outright and stop bacterial syntheses. Hershey (9) using method 
similar Weidel’s, and purification ghosts involving differential centri- 
fugation, has also not been able find any may that the 
physiological behavior ghost infected bacteria which have found 
only observed the ghosts are prepared the manner first described 
Anderson (2). 
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EVIDENCE THAT POTATO VIRUS 
CARRIED NEAR THE TIP THE STYLETS THE APHID 
VECTOR MYZUS PERSICAE 


Abstract 


Green peach aphids infective with potato virus were made noninfective 
exposing the tips their stylets ultraviolet radiations the 2537 wave 
band. Similar results were obtained when the area around the aphid was 
ventilated during irradiation carry away the ozone produced the radiations 
passing through the air. This irradiation did not appear aphid 
even though much its body was irradiated the same time. Nor did 
affect the infectivity aphids when their stylets were enclosed the labium, 
when most the length the stylets except the tips was exposed the 
radiations. Irradiation did, however, reduce the ability aphids immediately 
thereafter acquire potato virus during brief feeding puncture, but this 
was whether the tips the stylets were irradiated not. Furthermore, 
hour after being irradiated, aphids acquired the virus during brief feeding 
puncture readily did unirradiated controls. concluded that irradiation 
the tips the stylets persicae inactivated potato virus that otherwise 
would have been transmitted the test plants. Only virus near the tips the 
stylets appeared transmitted even after more than the tips had been 
inserted into infected tobacco plants. 


Introduction 


There growing and stimulating interest the problem how most 
aphid-borne viruses are acquired and transmitted their vectors within 
minutes even seconds. The mechanism this type transmission has 
been discussed recently several papers 8), and all these there 
agreement with Hoggan’s hypothesis (6) that the stylets the vector carry 
the virus that transmitted other plants. Indeed much circumstantial 
evidence favors this hypothesis. Nevertheless, direct evidence support 
this hypothesis would greatly strengthen future discussions about the 
mechanism this type virus transmission aphids. The authors have 
tested Hoggan’s hypothesis using potato virus (PVY) and the vector 
Myzus persicae (Sulz.). previous paper this work reported that aphids 
were made noninfective treating their stylets with formaldehyde, which 
was shown inactivate PVY vitro these results are compat- 
ible with Hoggan’s hypothesis, they are equivocal because formaldehyde 
may have caused this effect passing internally into aphids via one the 
ducts the stylets. 

This paper describes experiments which aphids were made noninfective 
exposing their stylets ultraviolet radiations. Not only did this approach 
lead convincing evidence for Hoggan’s hypothesis, but also showed that 
transmitted virus this case carried near the tip the vector’s stylets. 

Manuscript received July 1955. 
No. 3337, Entomology Division, Science Service, CanadaDepartment 
culture, Ottawa, Canada. 


Associate Entomologist and Technician respectively, Field Crop Insect Section, Entomology 
Laboratory, Fredericton, N.B. 


CANADIAN JOURNAL OF MIGROBIOLOGY. VOL. 1 
General Methods 


The methods were the same those described for aphid-transmission 
experiments the previous paper (4), except that the aphids were irradiated 
with ultraviolet radiations instead the stylets being treated with 
formaldehyde. The source ultraviolet radiation was model V-41 
low-pressure mercury-vapor discharge lamp made Ultra-Violet Products 
Inc., South Pasadena, California. The makers claim that 89.7% more 
the radiations from this lamp are the 2537 wave band region. 


Aphids were irradiated for sec. unless otherwise stated. This was done 
placing single anesthetized aphid its back one inch from the middle 
portion the tube the ultraviolet lamp. (The intensity irradiation 
2537 this distance was approximately ten milliwatts per square centi- 
meter). most experiments the aphid was irradiated small platform, 
which could revolved around the vertical axis. The lamp was mounted 
above and one side the platform that the tube the lamp was parallel 
the aphid’s proboscis. The proboscis was previously manipulated 
necessary that pointed away from the head much the same position 
when aphid feeds. the ultraviolet lamp was many times larger than 
the aphid, most the aphid’s body was also irradiated. first the platform 
that held the aphid was turned once around the vertical axis even rate 
during the period irradiation. This was done expose all sides the 
bared stylets the radiations. But later when was shown that similar 
results were obtained aphids were irradiated from one direction, subse- 
quent irradiations were done while the aphid was stationary with its head 
towards the lamp. The aphid was placed healthy tobacco plant imme- 
diately after the irradiation; here recovered and began feed within 
few minutes. 


Ultraviolet Irradiation persicae 


Aphids That Acquired Virus During Brief Feeding Puncture 


the experiments this section, each aphid was anesthetized after had 
made single 15-30 sec. feeding puncture infected tobacco plant. 
Table shows the results experiment which aphids were irradiated 
with the stylets bared and beyond the end the labium (see Fig. 
and B). The platform that held the aphid was turned once during the 
irradiation. Those irradiated with their stylets enclosed the labium were 
likely transmit PVY were the unirradiated controls. Only two aphids 
were infective after being irradiated with their stylets bared and none 
remained infective when they were irradiated with their stylets bared 
beyond the end the labium. 

The period irradiation and its direction were varied, the aphids having 
had their stylets bared beyond the end the labium after the 
feeding puncture. The periods irradiation tested were 15, 30, and 
sec. the first series, the aphids were turned once during the period 


{ 


Fic. persicae that were anesthetized while the feeding position 
contained labium. B—stylets bared beyond the end the 
half the length the stylets bared beyond the end the labium. 
the length stylets except the tip pulled out the labial groove. 
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TABLE 


EFFECT ULTRAVIOLET RADIATIONS THE INFECTIVITY APHIDS THAT ACQUIRED 
POTATO VIRUS DURING BRIEF FEEDING PUNCTURE 


(Numbers show aphids infective out tested) 


Length stylets bared beyond end labium, 


Irradiated sec. 


Not irradiated 


irradiation, whereas the second each aphid was irradiated while stationary 
with its head towards the lamp. Shown below are the numbers aphids 
out that transmitted PVY after each treatment. 


Aphid turned once during irradiation 


aphids remained infective after being irradiated for sec. longer, and 
irradiation for sec. reduced the number infective aphids about one- 
half. There suggestion that irradiating aphids for five seconds from the 
front was less effective than when the aphid was turned once during this 
period irradiation. view this, comparisons were made between 
irradiating aphids from the front, from one side, and from all sides (that 
the aphid was turned around once during the period irradiation). These 
aphids were irradiated for sec. that only portion them would 
made noninfective. These aphids also had their stylets bared beyond 
the end the labium. The results showed that there were significant 
differences between any the treatments, though only about half many 
the irradiated aphids transmitted PVY did the controls. Each aphid 
subsequent experiments was therefore irradiated while stationary with its head 
towards the lamp. 

Since radiations from lamp such the one used this work causes ozone 
formed they pass through the air, was possible that this strong 
oxidizing agent made aphids noninfective previous experiments. test 
this possibility, aphids were irradiated with the proboscis inserted into 
hypodermic needle having bore several times the diameter the proboscis. 
This shielded the bared stylets from the radiations, but allowed the ozone 
produced the lamp circulate around the part the stylets bared beyond 
the end the labium. After having their stylets bared beyond the end 
the labium, these aphids were: (a) irradiated previous experiments, 
irradiated with the proboscis inserted part way into hypodermic needle, 
and controls (c) not irradiated. The numbers aphids out that 
transmitted PVY after these three treatments were 11, and respectively. 
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Hence aphids remained infective when they were irradiated with their 
stylets bared and the proboscis inserted into hypodermic needle. (This 
experiment was repeated times because the few transmissions obtained.) 

another experiment, the ozone around the aphid and the lamp was 
carried away ventilating the area with electric fan during the irradiation. 
before, the aphids’ stylets were bared beyond the end the labium 
after the puncture. The treatments were: (a) aphids 
ventilated during irradiation, (b) aphids irradiated without ventilation, (c) 
aphids placed before the unilluminated lamp for sec. with the ventilating 
fan on, and (d) aphids placed for sec. one side the illuminated lamp 
that they were not irradiated but were the air blown past the lamp the 
fan. Shown below are the numbers aphids out that transmitted 
PVY after each these treatments. evident that when the ozone was 
carried away ventilating the area during irradiation the results were similar 
those previous experiments which there was ventilation. 

Not 
Ventilated ventilated 

Not irradiated 
Not irradiated but air blown past illuminated lamp 


was also found possible during the work irradiate aphids with most 
the length the stylets except the tips exposed the radiations. This was 
done inserting fine needle between the labium and the labrum, making 
pass under the stylets. The stylets were then pulled out the labial 
groove moving the needle along the front the labium. After some 
practice became simple operation this without pulling the tips 
the stylets out the groove (Fig. D). Table shows the results 
experiment which aphids were irradiated: (a) with the stylets enclosed 
the labium shown Fig. with the stylets bared beyond the 
end the labium shown Fig. and (c) with most the length 
the stylets except the tips pulled out the labial groove shown Fig. 
Since was not known whether pulling the stylets out the labial groove 
might affect the aphid’s infectivity, some these aphids were tested without 


TABLE 


EFFECT ULTRAVIOLET RADIATIONS THE INFECTIVITY APHIDS IRRADIATED WITH 
DIFFERENT PARTS THEIR STYLETS EXPOSED THE RADIATIONS 


(Numbers show aphids infective out tested) 


Irradiated Not 
sec. irradiated 


Stylets bared beyond the end the labium (Fig. 


Most length stylets except tip pulled out labial 
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being irradiated. The results show that this operation did not affect the 
infectivity, and the aphids treated transmitted PVY even after they were 
irradiated. The only aphids made noninfective the irradiation were those 
that had their stylets bared beyond the end the labium. 


Aphids That Inserted Their Stylets Over Into Infected Plants 


the previous experiments the aphids became infective during the initial 
feeding punctures made after period without food. The stylets such 
times are rarely inserted more than few microns into the infected epidermis 
Therefore, the part the stylets that had been inserted into infected 
epidermis was probably exposed the radiations when aphids were irradiated 
with even their stylets bared beyond the end the labium. Aphids 
were also irradiated after they had inserted their stylets deeper into the 
infected plants. This was done anesthetizing aphids after they 
had been infected plant for three five minutes, and using only those 
that already had their stylets bared over when they were first observed. 
total 280 these aphids were used the two experiments that follow, 
and these had their stylets bared mean distance when they 
were first observed. the first experiment aphids were irradiated with their 
stylets bared when first observed, irradiated after their labiums had been 
pulled out till less the stylets was bared. controls, some the 
aphids were tested for infectivity without being irradiated. Also, compare 
the results with those previous experiments, other aphids were irradiated 
after their stylets had been bared following single sec. 
feeding puncture. The following are the numbers aphids out that 
transmitted PVY after each treatment. 


Not 
Irradiated 
Stylets left bared when first observed 
Labium pulled out till less stylets bared 
Stylets bared after 15-30 sec. 
feeding puncture 


The second experiment was similar the first except that the labium was 
pulled out till less the stylets was bared beyond the end the labium. 
The results replications each the treatments are follows: 


Not 
Irradiated 
Stylets left bared when aphids were first observed 
Labium pulled out till less stylets bared 


Even after the stylets had been inserted over into infected plants, aphids 
were made noninfective when they were irradiated with their stylets bared 
even beyond the end the labium. Hence, the results both 
these experiments are similar those obtained with aphids that inserted their 
stylets only few microns into the infected plant. 
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Other Effects Irradiation the Aphids 

Many observations made during the preceding experiments failed reveal 
any differences the behavior irradiated aphids and unirradiated aphids 
otherwise treated the same way. Whether they were irradiated not, 
anesthetized aphids began feed soon after recovery and they continued 
live for days and bear young. was again observed (4) that 
after being anesthetized aphids usually made initial feeding attempts that 
lasted over two minutes, whereas the initial feeding attempts unanesthetized 
aphids usually lasted less than sec. 

Tests were also made learn whether aphids could acquire PVY after being 
irradiated. These aphids were anesthetized and their stylets bared 
beyond the end the labium. The aphids were either irradiated for sec. 
placed front the unilluminated ultraviolet lamp serve unirradiated 
controls. Half the aphids each group were allowed make 
feeding puncture soon they recovered, and the remainder made similar 
feeding puncture after they were first kept hour without food (each aphid 
was disturbed the puncture lasted two minutes). The 
following are the numbers aphids out that acquired and transmitted 
PVY after these treatments. 

Not 
Irradiated 
Infection-feeding puncture made within minutes 


after aphid recovered from being anesthetized 
Infection-feeding puncture made hour after 
aphid was anesthetized 


These results show that irradiation reduced the numbers aphids that 
became infective during feeding puncture made within minutes after the 
irradiation; but within hour after the irradiation, irradiated aphids became 
infective with PVY readily did the unirradiated controls. 

further experiment showed that this effect did mot depend the stylets 
being exposed the radiations. Anesthetized aphids were irradiated with 
and without the tip 15y their stylets bared beyond the end the labium. 
Each aphid made one puncture within minutes after 
recovered from being anesthetized (the aphid was disturbed the 
feeding puncture lasted two minutes). each group five out aphids 
became infective. 


Discussion 


Ultraviolet irradiation aphids infective with PVY made them noninfective 
only when the tips their stylets were bared beyond the end the labium. 
The stylets were bared beyond the end the labium most the 
experiments, but similar results were obtained when aphids were irradiated 
with their stylets bared Since aphids remained infective when they were 
irradiated with their stylets covered the labium, concluded that the 
radiations striking the tip less the stylets inactivated PVY that the 
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aphids would have transmitted the test plants. Though this conclusion 
was reached early this work, alternative explanations the results were 
sought and some the experiments were made test the most probable 
these. One possibility was that the radiations produced substances that 
inactivated reduced the infectivity PVY. Such substances might pass 
duct the stylets contact the virus was being ejected the 
aphid. either case, transmitted virus may have been carried other than 
near the tips the stylets. example, the ozone produced the radiations 
passing through the air may have passed duct the stylets and thence 
inactivated the virus. This seems unlikely because aphids were made non- 
infective when the area around them was ventilated during the irradiation 
carry away the ozone was produced. some substance may have been 
produced duct the stylets, being assumed that the radiations 
penetrate the stylets the ducts. this were so, the substance should also 
formed when parts the stylets other than the tips were irradiated; yet 
aphids remained infective when they were irradiated with most the length 
their stylets except the tips pulled out the labial groove (Table II). 
result that first appeared favor postulating such substances was that 
irradiation reduced over one-half the numbers aphids that became 
infective during brief feeding puncture made soon after the irradiation. 
But, unlike aphids being made noninfective, this effect did not depend upon 
the tips the stylets being irradiated, for occurred when aphids were 
irradiated with their stylets enclosed the labium. 


Even after the stylets had been inserted over into infected plants, 
aphids were made noninfective when they were irradiated with little 
their stylets bared beyond the end the labium. The stylets adults 
persicae are over length, and usual for these aphids feed 
with considerably more than half this length inserted into the host (Fig. C). 
Therefore, PVY imbibed with the food adheres externally the 
stylets other than near the tips, apparently such virus rarely transmitted 
the aphid. The occasional transmissions aphids irradiated with the 
tips their stylets bared may have been PVY other than that carried near 
the tips the stylets, but other explanations this result are plausible. 
For example, sometimes relatively large dirt particles became attached the 
bared stylets, and these may have shielded part the stylets from the 
radiations. should also noted that 50% the aphids usually lost 
infectivity result having their proboscis manipulated with capillary 
tube. possible that these aphids carried PVY differently from those 
that remained infective. 

There are several sites where viruses transmitted like PVY may carried 
near the tips their vectors’ stylets. virus carried internally may 
the distal part either the feeding duct the salivary duct. carried 
externally may the mandibles, the fused maxillae, between.a 
mandible and the maxillae. Virus may carried any one several 
these sites. PVY carried between mandible and the maxillae, would 
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probably require much irradiation inactivate were carried 
one the ducts. therefore not remarkable that evidence decide 
this question was obtained when aphids were irradiated from different 
directions and for different periods. Moreover, the radiations probably pass 
through the stylets, for they are less than diameter and they appear 
translucent. 

Almost numerous the possible sites where such viruses may carried 
the stylets are the different opinions about this question. Bawden al. 
(1) and Sylvester (7) are among those who assume that such viruses are 
carried within the feeding duct; van der Want (8) thinks that they are carried 
externally the stylets; and Day and Irzykiewicz (5) favor external site 
though they consider internal site possible. The authors consider that 
there insufficient evidence exclude any the possible sites, but this 
question well others concerning the mechanism this type trans- 
mission can elucidated more extensive use the methods developed 
this work (4). These methods should also prove useful for similar studies 
animal viruses that are thought carried the stylets their insect 
vectors. 

There observation that may have some bearing the conclusion that 
viruses transmitted like PVY are carried near the tips their vectors’ stylets. 
that the tips the stylets persicae sometimes penetrate through 
the salivary material that normally surrounds the stylets the form 
tubular sheath (5, 7). such times that viruses transmitted like PVY 
are acquired the tips the stylets (7) this when such viruses pass 
from the tips the stylets susceptible host cells Though these questions 
cannot answered now, they show need for better understanding the 
processes involved when aphid inserts its stylets into host plant and feeds. 
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SOME EFFECTS FORMALDEHYDE POTATO 
VIRUS VITRO, AND ABILITY APHIDS TRANSMIT 
THE VIRUS WHEN THEIR STYLETS ARE 
TREATED WITH 


Abstract 


Potato virus (PVY) was made noninfective incubation with formaldehyde 
vitro. Yet this noninfective virus reacted with PVY antiserum and caused 
antibodies produced rabbits readily infective PVY. method 
described for baring the stylets living aphids beyond the end the labium, 
which normally encloses the stylets. Specimens Myzus persicae (Sulz.) 
infective with PVY were made noninfective treating the stylets for sec. 
with concentrations formaldehyde low 0.03%; and 0.25% formalde- 
hyde caused the same effect five seconds. Aphids were also made nonin- 
fective when the proboscis with the tip the stylets bared was treated with 
formaldehyde, even after the stylets had been inserted considerable distance 
into infected tobacco plants. contrast, aphids usually remained infective 
when the proboscis with the stylets enclosed the labium was treated with 
similar concentrations formaldehyde. However, formaldehyde treatment 
the stylets did not affect the ability aphids immediately thereafter acquire 
and transmit PVY. These results are compatible with the hypothesis that 
viruses transmitted like PVY are carried the stylets their aphid vectors. 


Introduction 


The fact that most aphid-borne viruses are readily acquired and transmitted 
their vectors within minutes even seconds would seem make 
unnecessary consider that such virsuses make internal cycle within the 
vector, though there direct evidence this point. Discussing this type 
virus transmission over two decades ago, Hoggan (10) wrote, aphid 
withdrawing its stylets from diseased host carries with minute 
quantity infectious plant sap which injected into the next plant which 
the aphid She was unable decide from the available evidence 
whether virus was carried externally within the stylets. There has since 
been criticism this conclusion (18), and considerable debate about the 
mechanism this type virus transmission aphids (2, 14-18). 
More recently, however, most workers this field agree with Hoggan’s 
conclusion that such viruses are carried the stylets their vectors (2, 
Nevertheless there still direct evidence that this so. 

Whether such viruses are carried the stylets their vectors should 
testable treating the stylets with substance known inactivate the virus. 
The authors have done this using formaldehyde treat the mouth parts 
green peach aphids infective with potato virus (PVY). conjunction 
with this, studies were also made the effects formaldehyde PVY 
vitro. 
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Materials and General Methods 


The source PVY, the culture Myzus persicae (Sulz.), and the methods 
transmitting PVY with aphids were the same those described 
earlier study source PVY has been maintained under glass for 
over four years repeated aphid transfers from tobacco tobacco. Plants 
White Burley tobacco (Nicotiana tabacum L.) were used all the work 
here described. 

PVY was obtained vitro grinding tobacco leaves showing well- 
developed symptoms infection with PVY, and expressing the sap through 
muslin. the early experiments, formaldehyde was added directly 
infective sap that had been clarified centrifuging for min. 10,000 
r.p.m., but later the virus was first concentrated precipitation with 
ammonium sulphate (4). Preparations PVY were tested for infectivity 
inoculating opposite half-leaves healthy medium-aged tobacco plants. 
The leaves were rubbed uniformly with the forefinger wet with the inoculum; 
and least randomized half-leaves were rubbed with each dilution the 
inoculum. Five days after inoculation, lesions were made visible 
decolorizing the leaves alcohol and staining them with iodine (11). 

Serological titers PVY were determined making twofold dilutions 
the virus, and mixing small glass tubes ml. the diluted virus with ml. 
constant dilution PVY antiserum. The titer was taken the highest 
dilution virus that gave visible precipitate after one hour water bath 
37°C. The titers antisera were determined the same way, except 
that twofold dilutions the antiserum tested were mixed with constant 
dilution the virus. Normal rabbit serum physiological saline controls 
were included all the tests detect any unspecific precipitation. 

The work with aphids reported this and the subsequent paper (7) 
was made possible the accidental discovery that the stylets persicae 
can bared beyond the end the labium without serious injury the aphid. 
The routine doing this follows. aphid anesthetized for about 
five minutes covering for sec. with the open end tube from 
which carbon dioxide gas slowly passing. The anesthetized aphid, secured 
its back with moist camel’s-hair brush, held view under stereo 
microscope about 100X magnification, that the proboscis the aphid 
points across the field vision Fig. finely drawn capillary tube 
filled with water and held the other hand slid over the proboscis till 
will further (Fig. B), and gentle pressure applied with towards 
head the aphid. This pushes the labium into recess the head, bearing 
the stylets beyond the end the labium much the same manner when 
they are inserted into plant (Fig. C). pulling manipulation the 
capillary tube, the labium can pulled out that again covers the stylets. 
Hence, the stylets can bared predetermined distance manipulating the 
labium either direction, and after some practice this can done less 
than minute. 
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Fic. Method whereby the stylets aphids can bared beyond the end the labium 
with formaldehyde other substances; /—labium, s—stylets, 
tube. text. 


the experiments described, the bare stylets and sometimes part 
the labium were inserted into capillary tubes that contained various concen- 
trations formaldehyde water. This was done one three ways; 
follows: the bared part the stylets was inserted into very small capillary 
tube the end the labium (Fig. D); part the stylets and about 
one-third the labium were inserted into relatively large capillary tube 
(Fig. the stylets were bared considerable distance but only the 
terminal 20u was inserted into the capillary tube (Fig. F). Excess 
formaldehyde was rinsed from the mouth parts inserting the bared stylets 
and about half the labium several times into relatively large capillary 
tube that contained water. Each aphid was then tested for infectivity 
placing for hr. healthy tobacco plant. the test plant, the aphid 
recovered within few minutes, moved its labium out cover the bared 
stylets, and usually renewed its attempts feed within few minutes. 

The distance that the stylets were bared beyond the end the labium was 
measured with ocular micrometer. The measurements referred 
can better appreciated remembered that the labium persicae 
approximately diameter (about the diameter human hair) and 
that the stylets are less than diameter, times smaller than 
the labium. 

The formaldehyde and the water contained the capillary tubes were 

Aphids treated the same way except with water the place formalde- 
hyde were included all the experiments means comparison. The 
experiments were designed compare the numbers single aphids that 
successfully transmitted PVY after various treatments the stylets the 
proboscis with formaldehyde with water. Five aphids were tested for each 
the treatments, and each experiment was repeated eight more times. 
previous work (6), all aphids were kept without food for over hour 
before they were placed the infected tobacco plants. 
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Effects Formaldehyde Potato Virus vitro 


was necessary learn whether formaldehyde makes PVY noninfective 
vitro before was used treat the stylets aphids infective with PVY. 
Table shows the results one several experiments which infective 
tobacco sap was incubated room temperatures 0.25, 0.50, and 1.0% 
formaldehyde. and serological determinations were made after 
min. and after one hour. Infectivity was greatly reduced all the formalde- 
hyde treatments after incubation for min., but the serological titers were 
unchanged. infectivity was detected any the formaldehyde treat- 
ments after incubation for one hour. Sap incubated for hour 0.25% 
formaldehyde had the same serological titer the untreated control, whereas 
0.5% and 1.0% formaldehyde reduced the titer about half. Some precipi- 
tation usually occurs tobacco sap kept hour room temperature, but 
was observed this experiment that the stronger the formaldehyde the 
greater the precipitation. Several attempts were made reduce the 
precipitation the formaldehyde treatments, because these precipitates 
probably contain some the virus, which might explain the drop the 
serological titer after incubation with formaldehyde (Table I). The sap was 
buffered phosphate buffer and the was kept near neutral during 
the incubation the addition ammonium hydroxide. spite these 
precautions, incubation with formaldehyde usually caused greater precipitate 
form than formed the untreated control sap. The results these tests 
were consistent that incubation with formaldehyde made the virus non- 
infective; but the serological titers were often considerably reduced, though 
they were unchanged nearly so. was then decided first 
remove some the normal plant constituents concentrating the virus 
before incubating with formaldehyde. 

The following procedure, based the purification scheme for PVY described 
Bawden and Pirie (4), consistently produced formaldehyde-inactivated 


TABLE 


EFFECT INCUBATION WITH FORMALDEHYDE THE INFECTIVITY AND SEROLOGICAL 
TITER POTATO VIRUS CLARIFIED TOBACCO SAP 


Incubated min. Incubated hr. 
Concentration Serological Serological 


Mean numbers lesion per half leaf when more randomized half-leaves were inoculated 
with sap diluted 1:8 phosphate buffer 
Expressed the reciprocal the highest dilution that gave visible precipitate after one 
hour water bath 37° 


i 
| 
| 
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PVY having the same serological titer the untreated control. Crystals 
sodium acid phosphate are added the expressed sap until bulky precipitate 
forms, and this removed centrifuging moderate speed for few 
minutes. The supernatant liquid one-third saturated with ammonium 
sulphate, during which time necessary add dilute ammonium hydroxide 
keep the near neutral (much the virus lost the falls below 5), 
and allowed stand for min. The precipitate that forms removed 
centrifuging for min. 10,000 r.p.m., and the supernatant liquid discarded. 
The precipitate, which contains the virus, suspended volume water 
about one-fifth that the original volume sap. After the preparation 
has been stirred well, insoluble material removed slow speed centrifuga- 
tion. solution formaldehyde twice the concentration that required 
for the incubation made 0.1 phosphate buffer The virus 
preparation halved, and one-half added equal volume the 
formaldehyde solution and the other half equal volume 0.1 
phosphate buffer Both preparations are allowed stand for one 
hour, when, even the presence the buffer, necessary add ammonium 
hydroxide required the formaldehyde treatment keep the near 
neutral. After incubation, the virus each preparation again precipitated 
one-third saturation with ammonium sulphate and redissolved described 
above, but this time volume water about one-tenth that the original 
sap. PVY incubated the above manner 0.25% 0.5% formaldehyde 
was noninfective, yet had the same serological titer the untreated control 
(Table II). 

Tests were then made learn whether this noninfective virus was still 
antigenic. the virus preparation were injected intravenously 
into rabbits two-day intervals. One rabbit was injected with infective 
virus and another with formaldehyde-inactivated virus having the same 


TABLE 


EFFECT OF FORMALDEHYDE ON THE INFECTIVITY, SEROLOGICAL TITER, AND 
ANTIGENICITY OF PARTIALLY PURIFIED POTATO VIRUS Y 


Days after final injection 
Virus preparation 


virus incubated 
with for hr. Serological Titer antiserum stimulated 
Infectivity* virus rabbitst 
Expt. 0.00 160 320 320 
0.50 160 320 
Expt. 0.00 160 640 
0.25 640 640 


Mean numbers lesions per half leaf when more randomized half-leaves were inoculated 
Expressed reciprocal highest dilution that gave visible precipitate after one hour 
water bath 37° 
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serological titer and prepared described above. the first pair 
rabbits was injected twice and blood samples were taken 11, and 
days after the second injection. second pair was injected three 
times and ml. blood were taken and days after the last injection. 
The results (Table show that the build-up antibodies the first pair 
rabbits was slower the one injected with the noninfective virus, whereas 
the second pair was slower the rabbit injected with infective virus. 
both cases, however, the titers the antisera the final blood samples 
were the same whether the rabbit was injected with infective noninfective 
virus. None the antisera caused precipitation with sap from healthy 
tobacco plants. Comparative tests also showed that the antiserum against 
the noninfective virus precipitated infective PVY readily formaldehyde 
inactivated PVY. 


Treatment the Mouth Parts Aphids with Formaldehyde 


Effect Infectivity Aphids Transmitting PVY 

preliminary experiment showed that inserting the stylets infective 
aphids into 2.0% formaldehyde for sec. made them noninfective. 
further experiments, with lower concentrations formaldehyde, the stylets 
were bared approximately immediately after single sec. 
feeding puncture, inserted for sec. into formaldehyde (Fig. D), and 
finally washed with water remove excess formaldehyde. The results 
three series experiments show that only occasional aphids remained 
infective after the stylets had been inserted for sec. into concentrations 
formaldehyde low 0.03%: 


Series Formaldehyde 0.00 0.25 0.50 1.00 

Series Formaldehyde 0.00 0.03 0.06 0.12 

Series Formaldehyde 0.00 0.0003 0.003 0.03 


The foregoing procedure was used another pair experiments which 
the stylets were inserted for 15, and sec. into 0.03% formaldehyde 
one experiment, and into 0.25% formaldehyde another. The results 
(Table III) show that the infectivity the aphids was not affected when the 
stylets were inserted for five seconds into 0.03% formaldehyde, but and 
sec. treatments caused reduction, the reduction being greater the longer 
the treatment. Though the level infection the second experiment was 
much lower, shows that 0.25% formaldehyde made the aphids noninfective 
when the stylets were treated for five seconds longer. 

Though the end the labium also came into contact with the formaldehyde 
the previous experiments, similar results were obtained when care was 
taken treat only the stylets. example, when the stylets were bared 
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TABLE III 


NUMBERS INFECTIVE persicae 40) THAT TRANSMITTED POTATO VIRUS 
AFTER THEIR STYLETS HAD BEEN TREATED FOR VARIOUS TIMES 
WITH FORMALDEHYDE WITH WATER 


Time stylets treated with formaldehyde, sec. Stylets treated 
sec. with water 


about and only the distal the stylets inserted for sec. 
into 0.25% formaldehyde, only one out aphids transmitted PVY 
compared with out the treated the same way with water. 

was also found that aphids usually infective when the proboscis 
was inserted into formaldehyde without first baring the stylets. one 
experiment, capillary tube filled with water was slid over part the proboscis 
after sec. puncture (Fig. B); one group aphids 
had the stylets bared while another group simply had the proboscis 
manipulated without baring the stylets all. the aphids each 
group had about one-third the proboscis inserted for sec. into 0.25% 
formaldehyde, whereas the others were treated with water instead formalde- 
hyde (Fig. The numbers aphids out that transmitted PVY 
were follows: 


Proboscis treated with Formaldehyde Water 
Stylets not bared 


Hence, formaldehyde treatment the proboscis reduced the number 
infective aphids 100% when the stylets were bared but only about 
50% when the stylets were not bared. Treatment the proboscis with water 
did not affect the number infective aphids whether the stylets were bared 
not. 

About one-third the proboscis was also treated for sec. with 0.25% 
formaldehyde when the stylets were not bared and when they were bared 
less, that is, bared that only the tips were visible beyond the end 
the labium. total aphids were tested for each the two treatments. 
The numbers aphids that transmitted PVY were those that did not 
have the stylets bared, compared with five those that had the tips their 
stylets bared. though aphids remained infective when the proboscis 
was treated with formaldehyde without first baring the stylets, was only 
necessary bare the tip the stylets allow the formaldehyde cause 
its effect. 

Anesthetizing several hundred aphids situ during various stages stylet 
insertions showed that, under conditions when the initial feeding puncture 
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usually lasts less than minute, the stylets are rarely inserted more than 
few microns into the epidermis. Since these were the conditions preceding 
experiments, very likely the portion the stylets that had been inserted into 
the infected plant was treated with formaldehyde. view this, aphids 
were allowed insert their stylets some distance into the infected plants and 
then the proboscis treated with formaldehyde when the stylets were bared 
less than they had been inserted. this, aphids were anesthetized 
the feeding position after three five minutes infected plant. Many 
these had their stylets already bared beyond the end the labium when they 
were first observed, indicating that they had had their stylets inserted least 
that distance. Only aphids with their stylets bared 50u when first 
observed were used. Then manipulating with capillary tube, half 
these aphids had their stylets bared additional while the others had 
the labium pulled out until only the tips stylets were bared less). 
About one-third the proboscis was then inserted for sec. into 0.25% 
formaldehyde into water. Shown below are the numbers aphids out 
that transmitted PVY this experiment. 


Proboscis treated with Formaldehyde Water 
Labium pulled out till only tip stylets was bare 


These results show that, whether the stylets were bared additional 
the labium pulled out until only the tips were bare, the aphids were made 
noninfective the formaldehyde but not the water. 


Effect the Aphids 

many the preceding experiments, the aphids were observed for some 
time the test plants, and records were kept any that died during the 
test-feeding period and young born during this time. There were 
indications from these observations and records that the aphids treated with 
formaldehyde differed from those treated the same way except with water. 

Tests were also made learn whether formaldehyde treatment the 
stylets affected the ability aphids acquire and transmit PVY. The 
stylets anesthetized noninfective aphids were treated with 0.25% formalde- 
hyde with water for sec. (Fig. D); and few minutes later, when 
the aphids recovered, each one was allowed make 
puncture two minutes and was then immediately transferred 
test plant for 24hr. The numbers aphids out tested that transmitted 
PVY after their stylets had been treated with formaldehyde with water 
were and respectively. was observed that the aphids both groups 
were slower attempt feed and made longer punctures 
than aphids that had not been anesthetized. This difference behavior 
offers explanation the fact that comparisons made throughout this 
study invariably showed that anesthetizing aphids either before after they 
had acquired PVY lowered the chances the aphid transmitting the virus. 
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Discussion 


The main purpose this study was test the hypothesis that PVY 
carried within the stylets persicae, treating the stylets with 
formaldehyde, which was shown inactivate the virus vitro. Since 
persicae was made noninfective treating the stylets with formaldehyde, 
and since this treatment did not affect the ability aphids immediately 
thereafter acquire and transmit the virus, the results are compatible with 
the hypothesis. But the hypothesis still mot proved, because various 
explanations the results can postulated. These will not discussed, 
however, because this study turn led slightly different approach that 
not only proved the hypothesis, but also showed that PVY carried near the 
tips the stylets persicae (7). For the purposes this discussion, 
accepted that PVY carried near the tips the stylets 
persicae. This makes almost inescapable the conclusion that formaldehyde 
treatment the stylets allows the formaldehyde contact PVY that 
being carried, and inactivates this virus much the same way inactivates 
PVY vitro. That the stylets must treated with the formaldehyde 
indicated the fact that formaldehyde treatment the proboscis usually 
did not render aphids noninfective when the stylets were enclosed the 
labium. Normally when the stylets are not inserted into plant, they lie 
enclosed groove the labium. The authors have observed the distal 
end this groove constriction that appears close off the end when the 
stylets are withdrawn. Probably this constriction prevents formaldehyde 
from entering the groove and coming into contact with the enclosed stylets. 


The emphasis this discussion the opportunities offered the 
methods developed this study whereby certain viruses can now subjected 
various chemical physical treatments they are being carried their 
aphid vectors. sure, only PVY has been investigated with these methods 
date; but probably the same methods can used with many the aphid- 
borne viruses that are transmitted their vectors manner similar 
PVY. The further use and refinements these methods will almost certainly 
lead better understanding the relations between such viruses and their 
aphid vectors. For example, has been postulated that virus inhibitors 
produced feeding aphids play important role this type virus 
transmission (9, 15-18); such the case, seems likely that these inhibitors 
are contained the secretions the salivary glands the vectors (6, 16). 
Further tests this ‘inhibitor’ hypothesis could made treating the 
stylets aphids with substances known be, later shown be, present 
the vector’s saliva. the hypothesis might tested treating the 
stylets infective aphids with substances like trypsin (13), ribonuclease (12), 
and trichothecin (1), which are known inhibit virus infectivity vitro. 
This approach might also lead better understanding whether such 
substances inhibit infectivity acting the viruses, the host plants 
into which the mixtures virus and inhibitor are inoculated (1). 
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Viruses transmitted like PVY are, rule, readily acquired their aphid 
vectors during feeding attempts that last less than minute. The plant 
material acquired vector during this time, was not detected the use 
radioactive isotopes, which have made possible measure plant materials 
ingested aphids the order small fraction microgram (8, 16). 
Clearly then, the quantity virus transmitted the stylets aphid 
very minute. Hence, using the methods developed this study, much 
smaller quantities certain viruses can studied than was previously 
possible. the past, most physical and chemical studies plant viruses 
have been made the viruses vitro viruses that have been removed 
from and returned their host cells methods quite unlike those under 
which they exist nature. true that there accumulating evidence 
that the transmission virus like PVY its aphid vector essentially 
mechanical process. But study such viruses they are being carried 
their vectors, and without removing them from conditions under which they 
are found nature, has advantages that hardly need stressing. 

Finally, minor point arises from this study. common practice 
use formaldehyde-inactivated virus stimulate antibodies against many 
animal viruses. But PVY appears the first case plant virus being 
shown antigenic after inactivation formaldehyde; and apparently 
only one other plant virus (potato virus has been shown antigenic 
after its infectivity has been destroyed chemical means (3). 
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EXPERIENCES WITH NEW ANTIGEN FOR COMPLEMENT 
FIXATION TEST TUBERCULOSIS 


Abstract 


new method for the preparation complement fixing antigen from 
Mycobacterium tuberculosis outlined. The procedure consists treatment 
bacilli with pyridine, washing the sediment, resuspending saline, 
and finally exposing ultrasonic vibration. The antigen obtained non- 
viable, not anticomplementary, and appears specific. The results far 
obtained with sera from infected guinea pigs and from human tuberculous 
indicate that complement fixing antibodies regularly both. 

here suggestion that human patients fall antibody titer associated 
with clinical improvement and disappearance with clinical cure. 


Introduction 


Serology tuberculosis has never reached the stage where could 
employed routinely the diagnostic laboratory. Numerous attempts 
developing suitable serological test far have been only partially successful 
(1, One the main difficulties, least the complement 
fixation reaction, has been the preparation workable antigen. The 
antigens prepared different methods often have been anticomplementary 
and lacking both specificity and sensitivity (1, 12). 

the present preliminary communication another method for the prepara- 
tion complement fixing antigen offered for evaluation. Our limited 
experience with the antigen prepared this method has been highly encourag- 
ing and therefore was thought justifiable report our observations. 


Materials and Methods 


The Mycobacterium tuberculosis used this work was human strain No. 
430-54 isolated from patient with pulmonary tuberculosis. 

For the preparation the antigen the culture was grown 250 ml. centrifuge 
bottles each containing approximately 100 ml. Dubos’s liquid medium 
consisting Dubos’s broth base with Tween (Difco) supplemented 
10% beef serum and 0.75% dextrose. When the growth was abundant, 
usually after three four weeks incubation the culture was 
centrifuged, the sediment washed three times with 0.85% sodium chloride 
solution, and processed outlined below. 

For each 0.1 gm. (wet weight) the sedimented bacilli ml. pyridine* 
was added. The material was left contact with pyridine for three 
room temperature. facilitate the extraction the material was kept 
suspension exposure ultrasonic vibration for one minute min. 
intervals. the end three hours the material was centrifuged (30 min. 


Manuscript received May 27, 1955. 
Contribution from the Central Laboratory, Ontario Department Health, 360 Christie 
Street, Toronto, Ontario. 


Pyridine, C.P., tested purity supplied Fisher Scientific Co. 
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3000 r.p.m.) and the sediment washed three times with 0.85% sodium 
chloride solution and resuspended the above diluent weight. 
was next exposed vibration the ultrasonic machine, previously described 
(2), for min. and used the tests without further treatment. 

The prepared antigen did not contain viable organisms, was demonstrated 
culture artificial media and guinea pig inoculation, and was not 
anticomplementary even low dilutions. 

Two lots guinea pig sera were used for trials: 

From tuberculin positive guinea pigs which had been inoculated with 
positive cultures from sputum specimens submitted for the reutine laboratory 
diagnosis tuberculosis. The sera were collected usually six weeks after 
inoculation. Tuberculosis each animal was confirmed typical post- 
mortem findings and also the demonstration acid-fast bacilli various 
organs. Preinoculation blood specimens from these animals were not available. 

From guinea pigs inoculated intramuscularly with 0.2 mgm. (wet 
weight) tubercle bacilli. sample blood was collected from each animal 
prior inoculation and thereafter weekly intervals weeks. Serum 
samples were kept frozen and all specimens from each animal were tested 
simultaneously. 

Human sera were obtained from patients confined sanatorium various 
stages tuberculosis. 

For the test, all sera were inactivated 58°C. for min. and 0.85% 
sodium chloride solution was used diluent. 

The technique the complement fixation test was adaptation that 
previously reported (3). 

Depending the purpose the test either twofold dilutions the 
antigen were tested against constant concentration immune serum, 
twofold dilutions serum were tested against two units the antigen. 
Two units complement were used all tests. The tests were incubated 
either the water bath 37° for two hours overnight Some- 
what higher titers both the antigens and the antisera were obtained with the 
latter method. After addition the hemolytic system (2% sheep’s red blood 
cells and units amboceptor) and further incubation the tests were read 
the usual manner. Serum and antigen controls were included each test, 
but for the sake brevity are omitted from the tables the text. 


Results 


Table the results the titration six batches antigen are 
summarized. 

The titration these antigens was performed different times. The 
immune serum, however, all cases was the same and was used dilution 
1:40. The titer this guinea pig serum was determined 128. 

The antigens, seen from the table, are not potent one would wish 
see. However, they were not anticomplementary even dilution 
1:8. 
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TABLE 


TITRATION SIX BATCHES T.B. ANTIGEN AGAINST IMMUNE SERUM 


Guinea pig serum 40. 


TABLE 


TITRATION SERA FROM TUBERCULOUS GUINEA PIGS 


TABLE III 


ANTIBODY RESPONSE GUINEA PIG INOCULATED WITH 0.2 MGM. LIVE TUBERCLE BACILLI 
(HIGHEST DILUTION THE SERUM GIVING COMPLETE (4+) FIXATION) 


Pre-inoculation 


sample Negative 7th week 
4th 1:32 1:16 


| 
i 
| 
| 
i 
| 
| 
| 
| 
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Guinea Pig Sera 


Table the results the titration some the sera from one lot 
guinea pigs inoculated with cultures tubercle bacilli isolated from sputum 
specimens are tabulated. the present, sera from tuberculous guinea 
pigs have been tested and complement fixing antibodies variable titers 
were demonstrable each case. For control, sera from normal guinea 
pigs were tested. None gave any evidence fixation complement. 

the guinea pigs inoculated with 0.2 mgm. tubercle bacilli 
and surviving over eight weeks the pattern antibody response was similar. 
typical example given Table III. 

The limited observations made far indicate that complement fixing 
antibodies tuberculous guinea pigs appear about the second third week 
after infection, reach their maximum titer between the fifth and eighth week, 
and then decline with the approach death. detailed report this study 
will presented later. 


Human Sera 


The results with sera from human tuberculous patients far have been 
very encouraging. date some 150 sera have been tested. This work 
being continued and will reported separately. Examples the results 
which have been obtained far are given Table IV. 


TABLE 


RESULTS COMPLEMENT FIXATION TEST WITH HUMAN SERA 


Early cases 
Advanced cases 
Cases ready 
discharged 


i 
i 
i 
| 
| 
| 
| 
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the present only limited number sera from patients with infections 
other than tuberculosis and normal individuals have been tested determine 
the specificity this antigen. Sixty-six sera were tested from patients with 
various diagnoses, such pyrexia unknown origin, infectious mononucleosis, 
histoplasmosis, and atypical pneumonia and sera from Wassermann 
positive cases and seven sera from healthy, tuberculin positive individuals. 
all the reaction was negative. 


Comments 


this preliminary communication the preparation complement fixing 
antigen from tuberculosis outlined. Extraction the organisms with 
pyridine provides non-viable, not anticomplementary, and apparently 
specific antigen. 

The results obtained with this antigen far appear highly encourag- 
ing. this stage, course, premature express undue optimism about 
the value this test. Too many attempts the past have resulted not 
complete, least partial failure. the purpose this preliminary 
report, therefore, welcome other workers interested this field evaluate 
these findings. 

Two points the present observations are significance: firstly that 
usable antigen could prepared this method, and secondly that there 
indication that the antibody level human patients declines with the 
favorable progress treatment. The last point may prove consider- 
able importance, since may enable the clinician determine the course 
the disease given case with greater certainty. The test also may enable 
one differentiate tuberculous infection from some other infections where 
the X-ray picture not always differential value. 
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